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DISCLAIMER

The purpose of the document is to further the objective consideration of the scientific basis for the use of
aguatic habitat indicators under the authority of the Clean Water Act, and to foster the exchange of
information and ideas among governmental, non-governmental, tribal scientists and interested citizens.
A thorough policy and legal analysis has not been made of the findings described in this document. The
views expressed in this document are the authors’ and do not necessarily reflect those of EPA, the
University of Idaho or other institutions with which the authors are affiliated. Rather, they reflect the
opinions of the authors as shaped by their experiences, interpretation of the scientific and technical
literature and their understanding of the input provided by their colleagues at workshops and as a result of
document review. These contributions are gratefully acknowledged. The authors accept full
responsibility for any omissions or misinterpretations of facts, and invite others to share their alternative
ideas on advancing the goal of defining objective measures of success for recovery and protection of
aquatic ecosystems.

The document has been funded through a cooperative agreement of the U.S. Environmental Protection
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subjected to the agency’s peer review process and has been approved for publication.
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ABSTRACT

The objective of this paper is to evaluate the application of aquatic habitat variables to water quality
objectives under authority of the Clean Water Act (CWA). The project is limited to freshwater, lotic
aquatic habitats in the Pacific Northwest and Alaska with an emphasis on salmonid habitat. Habitat
variables were placed into one of the following categories — flow regime, habitat space, channel structure,
substrate quality, streambank condition, riparian condition, temperature regime, and habitat access.
Candidate habitat variables were evaluated for their relevance to the biotic community, responsiveness to
human impacts, applicability to target landscapes, and measurement reliability. The most critical
obstacles for use of habitat variables at the regional level (state specific water quality criteria for Region
10 EPA) are the quantification of biological effect and the unreliability of the measurement system.
Inherent variability and unreliable data quality preclude the use of numeric values for habitat variables as
compliance indicators in statewide water quality criteria. Rather, habitat variables should be used as
diagnostic indicators of beneficial use attainment and pollution control performance, and should be
developed and calibrated at local or ecoregional scales as stratified by landscape and stream
characteristics. Currently only a few habitat variables meet the evaluation criteria established by the
authors for use under CWA authority, specifically large woody debris, pool frequency, and residual pool
depth. It is recognized that this limited set of variables will not satisfy the ecological habitat requirements
needed to protect cold water biota. Recommendations to increase the applicability of habitat indicators to
CWA objectives include an interagency (and international) effort to evaluate landscape classification of
aquatic areas, identify and measure reference area condition at ecoregional scales, and develop a
systematic approach for habitat indicator quantification. In the interim the authors recommend a re-
examination of the narrative water quality standards in EPA Region 10 to provide more specificity in
regards to salmonid habitat protection. Water quality standards should also specify the process whereby
numeric criteria can be established at the local or ecoregional scale.
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EXECUTIVE SUMMARY AND RECOMMENDATIONS

The objective of this project was to evaluate the potential inclusion of aquatic habitat indicators into water
quality programs as one component of a developing EPA strategy to address declining salmonid
populations in the Pacific Northwest. Habitat indicators, like water quality criteria and biological
indicators, can be used to evaluate the protection of beneficial uses which are the cornerstone of water
quality standards. Agquatic habitat indicators (variously referred to as habitat variables, parameters,
metrics, etc.) are commonly used to evaluate biotic integrity and fish production capability.

We initially set out to formulate habitat target values based on the best available information from the
literature and databases on reference area condition. After consideration of the currently available
information, we concluded that developing numeric values at a regional scale would not be technically
feasible. The literature supports the importance of habitat characteristics for salmonid fish communities
and the documented alteration of habitat quality by human activities. However, both the numeric values
that are contained in the literature and numeric values available from reference area databases exhibit
too broad a range of expression to identify target values. Using information at this scale to set target
values has the potential to contribute either to incremental habitat deterioration or to set inapplicable
target values across large geographic areas. Instead, we describe an approach for developing target
values at an ecoregional scale; this approach is summarized in the key points and recommendations for
future action which follows.

This project includes a bibliography of the literature associated with habitat indicators. The bibliography
was not included in the paper copy because of its large volume. The bibliography is available on the EPA
Region 10 web site at http://www.epa.gov/rl0earth/.

Key Points

1. Relevance of Aquatic Habitat Indicators to Clean Water Act Objectives

Aquatic habitat indicators can address two interrelated objectives of the Clean Water Act (CWA). The first
objective is to determine whether designated beneficial uses are attainable in the water body and to what
degree these uses are supported. The second objective is to evaluate the effect of pollutant sources on
beneficial uses and assess the need for change in pollution controls. The first objective, assessing the
status of beneficial use, extends beyond the aquatic organism to the aquatic environment required to
sustain a certain aquatic population over time. Habitat quality, like water chemistry and biological
integrity, provides a method to determine if the environment supports the target aquatic community.

The second objective reflects a major emphasis of water quality programs to provide feedback on the
effectiveness of regulatory and management programs. In nonpoint source programs, monitoring is
categorized under implementation and effectiveness objectives: implementation monitoring addresses
whether the Best Management Practices (BMP’s) were installed according to plans or regulations; and,
effectiveness monitoring, as more comprehensive, attempts to determine whether the management
practices effectively protect beneficial uses. Habitat indicators can play a role in assessment of
practices, but they need to be part of a comprehensive monitoring program that includes on-slope
assessment of management practices, watershed processes, and the effect of these pollutants and
altered processes on channel and habitat quality.

2. Challenges to Using Aquatic Habitat as an Indicator

Concerns with development and application of habitat variables to water quality programs can be grouped
into five primary issues: the high degree of natural variability in stream systems, the lack of reference
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conditions to serve as benchmarks, the effect of natural and past land-use disturbance on stream
conditions, the problems associated with measuring habitat variables, and lastly the use and application
of habitat measures within the context of the CWA.

Although variability is inherent in aquatic systems, there is an observed pattern of habitat conditions that
are necessary to support aquatic communities. These requirements are best known for salmonid species
and can in turn serve, to some degree, as indicators of cold water lotic communities. Spatial variability
can be addressed by grouping similar habitats at different scales, e.g. habitat type, stream reach, sub-
watersheds, etc., within a landscape setting. Temporal variability needs to be addressed via an
evaluation of the way in which watershed processes, natural disturbance, and human activities interact
over short and long-term time frames. Habitat conditions in unmanaged (or minimally managed)
watersheds provide the benchmark by which to judge the adequacy of current conditions in supporting
beneficial uses. Yet, the lack of adequate representatives of reference areas for many ecoregions has
been cited as one of the most difficult challenges in developing numeric indicators. Extreme floods, fire,
mass wasting and erosion events, which occur at infrequent but regular intervals, are part of the dynamic
environment that shapes stream ecosystems. Use of habitat indicators in water quality programs must
account for the effect of these natural disturbance events on habitat variability.

Although there is a general understanding of the habitat components required to support salmonid
species, and by extension aquatic cold water communities, standard protocols similar to the standard
methods used for water chemistry have not been developed and agreed upon in a formal manner by the
scientific community. The lack of uniform methods with acceptable levels of precision, accuracy, and
comparability accepted by a broad cross-section of the scientific community is an obstacle to measuring
habitat quality.

Some generic misconceptions regarding the potential use of habitat indicators in the CWA may stand as
a roadblock to collaboration and problem solving. For example, there is a perception that establishing a
numerical indicator somehow establishes a requirement to manage streams toward some uniform design
and, therefore, encourages land managers to use artificial means to achieve these endpoints.
Additionally, the perception exists that establishing water quality criteria would provide license to degrade
high quality streams. Neither of these outcomes is provided for in CWA guidance or policy.

3. Use of Aquatic Habitat Variables as Diagnostic Indicators

Variables used to measure environmental quality have been categorized as compliance, diagnostic, and
early warning indicators (Cairns et al. 1993). There is an implicit requirement that the values used as
compliance indicators can be measured with known levels of precision and accuracy, that the biological
effects are associated with a numerical value, and that these numerical values are applicable within the
prescribed geographic area. The numerical water quality criteria familiar to water quality professionals
serve as an example of the variables used as compliance indicators. Criteria for water chemistry
variables are set at a threshold of effect for target organisms based on laboratory bench tests of acute
and chronic effects. Since these criteria are used in a regulatory context, a high standard for data quality
is required.

Our evaluation does not support the use of habitat indicators as compliance indicators at this time for
several reasons. First, the habitat value generally cannot be readily tested or reproduced in a laboratory
bench test similar to water quality criteria. A quantitative, repeatable biological threshold can not be
readily identified for the majority of habitat variables, since the numeric value has to come from
observations of the habitat component in unmanaged landscapes in which it will be applied. Second, the
high natural variability of habitat conditions prevents the development of defined numerical criteria with
the scientific rigor generally required for numerical water quality criteria. Third, the measurement systems
for habitat variables, comprised of standard operating procedures and quality control/quality assurance
programs, have not been developed to the degree necessary to meet data quality objectives.
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At the current state of development, habitat variables may be best suited as diagnostic indicators of
beneficial use support and as performance measures of nonpoint source controls. Diagnostic measures
fit well within the regulatory framework for nonpoint source activities, which depends on the iterative
evaluation of management practices. The habitat variable measures the outcome of management
actions on water quality and water resource integrity. In concert with measures of on-slope pollutant
sources and evaluation of watershed processes, a habitat indicator assists in diagnosing whether
management practices have had an adverse impact on the aquatic environment. Instream measures
assess beneficial use support, but they can not be used alone to assess management actions since the
current stream condition integrates past activities, current actions, and natural disturbance. Historical and
upstream activities in the watershed can readily cause a lag effect in the stream channel condition, thus
disconnecting the adjacent management action from the current habitat condition.

4. Indicators Must be Applicable within Diverse Landscapes and Stream Networks.

Landscape and stream geomorphic features strongly influence habitat variables. Classification systems
provide a way to partition and account for the variability observed in aquatic habitats as a result of these
features. Ecoregions and stream classification systems provide a framework for organizing habitat
components, habitat variables, and numerical indicators. Level Il Ecoregions, compiled at 1:250,000
map scale, may provide a sufficient first iteration for categorizing watersheds in order to evaluate potential
reference conditions for many habitat variables. Further sub-division of Ecoregion organization may be
useful in providing a more homogeneous organization of watersheds but may also be a daunting task
given the limited amount of data on reference conditions. A nested hierarchical classification system
provides a tool to categorize potential natural conditions and establish expected target conditions in which
fish and aquatic communities have developed; yet, a meaningful organization of stream networks
ultimately depends on the identification of geomorphically similar stream reaches. Fundamental factors in
organizing stream reaches are stream gradient, confinement, and stream power (bankfull width or basin
area). Classification systems that incorporate these factors should be useful in developing a spatial
framework for habitat indicators.

The habitat indicator needs to be assessed at a spatial scale appropriate to the management or
programmatic question. Habitat variables are generally measured at the habitat unit scale (e.g. pool,
riffle, or glide), but they should be assessed at the stream reach scale. While localized, site-specific
factors can influence the habitat at the habitat unit level, comparison between stream segments or to
reference watersheds should be done at the stream reach scale - a level of organization more meaningful
to interpretation of external factors. The stream reach is defined by recognizable, geomorphic
characteristics that influence habitat quality. These units can then be scaled up to address questions at
the sub-watershed or watershed level.

5. Assessment and Monitoring Issues

Habitat inventory procedures generally lack the sensitivity necessary to detect environmentally significant
change. Many habitat protocols were developed for inventory purposes which rely largely on subjective
evaluation and are, therefore, subject to observer bias. To be useful in a water quality program context,
habitat variables need to be measured with a known degree of precision and accuracy. The monitoring
framework that has been developed for water quality variables consisting of established Standard
Methods for analytical analyses, Standard Operating Procedures for field methods, and QA/QC
procedures serve as a template for habitat measurement systems. Currently no accepted parallel
systematic framework for assuring the data quality for habitat monitoring is in place.

Data quality objectives need to be established and evaluated as part of the measurement system if
habitat variables are to be useful as diagnostic indicators or as environmental targets for Total Maximum
Daily Loads (TMDL’s). Measured quantitative data should be selected where feasible to overcome the
observer bias inherent in qualitative methods. Quantitative methods for measuring habitat are becoming
more accessible and faster with the use of more efficient survey techniques such as Total Station Survey
equipment and GPS survey technology. Quantitative channel measurements that are standard




Aquatic Habitat Indicators Executive Summary

procedures in hydrology and geomorphology should be adopted as ways to increase quantitative
measurement of habitat quality. Measurement goals should place less emphasis on the number of
stream miles assessed and more on the ability to measure conditions with an acceptable precision. The
trade off between costs of quantitative methods and expected benefits in detecting change will also need
to be considered.

6. Potentially Useful Aquatic Habitat Indicators

We evaluated the existing habitat parameters used by state and federal agencies in monitoring programs
and the habitat variables used as Riparian Management Objectives (PACFISH, USFS 1995) or as habitat
indicators for evaluation of proposed activities under the Endangered Species Act (ESA) (NMFS 1996).
Variables that directly measure a habitat characteristic can be grouped into one the following categories
of aquatic ecosystem components:

. Flow Regime

. Habitat Space and Channel Structure (including LWD)
. Substrate Quality and Size

. Streambank Condition

. Riparian Condition

. Temperature Regime

. Water Quality Constituents

. Habitat Access

The first five components relate to physical habitat and were evaluated in this paper. Temperature, water
guality constituents, and habitat access are listed to illustrate the holistic requirements of cold water biota,
but they are outside the scope of this project. To evaluate the utility of habitat variables for CWA
purposes, we compared the existing aquatic habitat variables against the recommended characteristics
for environmental indicators described in the literature. In summary, there are four major characteristics
to consider in assessing habitat measures as environmental indicators:

1) The indicator must be relevant to the environmental/biotic endpoint,

2) be applicable to the landscape and stream network in which they are used,
3) be responsive to human-caused stressors, and

4) exhibit adequate measurement reliability and precision.

Only a few habitat variables satisfy these evaluation criteria. These variables are placed into two
categories, Tier 1 and Tier 2, based on our professional opinion of the degree to which they satisfy the
evaluation criteria. The categorization into tiers is a communication device and is not intended to provide
any policy direction. Tier 1 variables satisfy all the criteria to a large extent and are considered potentially
useful to Clean Water Act programs. Tier 2 contains habitat variables that have a known biological effect
and are sensitive to human impact but are questionable regarding the measurement sensitivity and
reliability or the ability to quantify the biological effect. Tier 1 variables include large woody debris
frequency, pool frequency, and residual pool depth. Tier 2 variables include percent fine sediment and
bank stability rating. Habitat should be evaluated via a suite of variables as is routinely done in field
studies. The limited set of variables are not expected to satisfy an ecological stream protection goal but
simply reflect the pragmatic evaluation of currently available habitat measures.

Three routinely measured habitat variables — large woody debris frequency, pool frequency, and residual
pool depth — are used to evaluate the component of habitat categorized as Habitat Space and Channel
Structure. These habitat variables also serve to evaluate flow effects, since the alteration of water
guantity is manifested in the change in channel habitat space. Large woody debris and pool frequency
are relevant to aquatic biota, are responsive to human impacts over the long term, and can be measured
guantitatively. Salmonid species in forested ecosystems have evolved in streams in which large woody
debris plays a major role in forming habitats, providing cover, influencing sediment processes, and
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altering stream energy and nutrient cycling. Pool frequency is a critical indicator of habitat space, and
residual pool depth is a quantitative measure of pool quality influenced by flow alteration and
sedimentation.

Fine sediment deposited in critical spawning habitat has a demonstrated effect on reducing egg-to-fry
survival and can fill in the voids in substrate utilized by juvenile fish as cover. However, there are
unresolved questions regarding the applicability of field measurement protocols, their precision, and the
interpretation of this kind of data in relationship to laboratory defined sediment impacts. While a large
body of literature supports the fact that fine sediments are detrimental to salmonid and other aquatic
biota, remaining questions about the adequacy of field methods and their comparability to laboratory
studies need to be resolved. The authors recognize that other professionals have looked at this issue
and have concluded that the existing body of information supports establishing numerical values. These
differences of opinion are expected given the current status of the scientific information.

A similar consideration applies to the current evaluation methods for rating bank stability. Naturally stable
banks result from the protection afforded by bank material and protective riparian vegetation which resists
the force of flowing water and are recognized as providing important space and hiding cover for fish. The
majority of bank stability methods involve a subjective rating of some combination of vegetative cover,
bank material, and evidence of slumping or sloughing. The concern with current bank stability
evaluations is the subjective nature of the measurement system. At the present time, the various
methods of rating bank stability do not meet the necessary level of objectiveness and repeatability.

7. Numerical Format and Data Interpretation

The methods used to express the values for physical habitat are important. A single target value or a
simple series of values for different stream types are not sufficient to express the inherent variability in
aguatic ecosystems. Numeric values need to be expressed in terms of both the central tendency and the
spread in a data distribution. The median, interquartile range, and percentiles, for example, are useful
ways to display data, as these measures are resistant to the effect of outlying values in comparison to
classical parametric measures (Helsel and Hirsh 1995).

Displaying the data as percentiles also provides the opportunity to set the objective within the policy
framework. For example, a higher percentile may be established in a stream where watershed protection
has been given a high priority, such as for protection of refugia for endangered species.

8. Application to Water Quality Standards and Total Maximum Daily Loads (TMDL).

Current water quality standards in EPA Region 10 states (Alaska, ldaho, Washington, and Oregon)
address habitat protection in a very cursory manner. Narrative criteria related to aquatic habitat or, more
specifically, salmonid fish habitat could be substantially strengthened based on existing known fish
habitat requirements. Narrative criteria could address a number of critical habitat components more
explicitly, which would be very useful in program applications such as development of TMDL’s. Narrative
criteria could also describe the process for development of ecoregional or site-specific numeric criteria.
Numeric criteria could be tiered to these narrative statements as more specific information becomes
available for individual ecoregions or groups of ecoregions. Development of numeric habitat targets for
specific TMDL's can be completed currently at a watershed or sub-basin scales depending on the
availability of reference area data or historic information. These localized efforts at developing habitat
targets would contribute to the development of ecoregional numeric habitat indicators.

Recommendations for Future Actions

During the process of evaluating the current situation, we identified several primary issues related to
application of aquatic habitat indicators. The issues were identified initially in canvassing the literature
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and discussing the situation with aquatic specialists. These issues fall into four general categories:
reference areas and landscape stratification, monitoring protocols and study design, application to water
quality standards and TMDL's, and interagency coordination in addressing these technical issues. These
topics can be addressed, if not resolved, via a systematic interagency and interdisciplinary effort at the
state and federal (and provincial) level. For example, the definitive approach for landscape stratification
of aquatic habitats has not yet been designed, although many of the pieces to this puzzle are likely in
place. The first approximation of regional stratification could be pulled together through a working group
of geographers, aquatic and terrestrial ecologists, hydrologists, and fisheries biologists. However,
sufficient impetus would be required to bring all the appropriate specialists together in pursuit of this goal.
There is also a need to emphasize applied research as a vital element of the solution. Oftentimes, state
agencies or other governmental units are asked to tackle issues without sufficient resources, information,
or expertise. Several of these issues could be addressed if there were sufficient integration of water
guality programs and research efforts.

Reference Areas and Landscape Stratification

Landscape and stream network classification provide a logical means for stratifying stream habitats into
logical units. Stratification is needed to define the target condition appropriate to the local landscape and
reduce the effect of spatial variability. Aquatic specialists are familiar with geomorphic stream
classification, stratification by ecoregion, and the hydrologic unit system. What is currently missing is the
systematic application of stratification at a regional scale to facilitate identification of potential reference
areas across state boundaries. Numerous case studies of stratification have been applied in specific
programs or geographic areas which can serve as examples.

Candidate reference areas at various scales (i.e., from isolated tracts to large land blocks) can be
identified from the current body of land use planning documents and geographic products. Reference
areas at a coarser scale can be identified from roadless areas, designated wilderness areas, national
parks, and other protected areas. At a finer scale, there are often small blocks of land that have been
protected over time for various reasons that may be useful as reference areas. In addition to the written
documentation, natural resource workers in land management agencies have a wealth of experience
which could be tapped to identify potential reference areas.

In some areas persistent and widespread habitat alterations have eliminated natural areas that could be
used to describe reference condition. There is clearly no easy way to fill in the data gaps on habitat
conditions that have been severely altered. The EPA guidance for developing biological criteria have
suggested a logical approach to identifying reference condition where no reference sites occur (Gibson
1996). The decision tree suggests ways to utilize “minimally disturbed” areas and ecological modeling to
fill in the information gaps. A related approach is to expand the search for suitable reference conditions
outside of the local geographic area or local ecoregional area. There would appear to be good potential
for cataloging reference conditions by expanding the geographic scope of the inquiry to British Columbia
and Alaska. These efforts would require some broader research initiative beyond the usual regional
approach which focuses on the Pacific Northwest states.

A remaining and persistent challenges to aquatic habitat protection and recovery is the lack of an
organized, focused cooperative venture to define and complete the essential field trials necessary to test
the use of habitat indicators at discrete basin scales. Given the overwhelming need to judge the success
of recovery plans for salmon and bulltrout listed under the ESA, to evaluate the effectiveness of federal
court-mandated water quality recovery plans (a.k.a. TMDL'’s), and to ensure that state water quality
standards are fully protective of aquatic species - now seems to be the perfect opportunity for State,
Tribal and Federal resource agencies to collaborate in such an effort. To that end, the authors
recommend that the agencies seek funding from EPA, the National Science Foundation, or similar groups
to conduct the needed research and development. This objective should be identified as a key element in
the implementation of the Clean Water Action Plan (EPA 1998). The Clean Water Action Plan provides a
framework and potential funding source to facilitate efforts such as these among key natural resource
agencies. Some specific action items might include:

vi
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« |dentify potential partnerships in this effort within the natural resource agencies - EPA, USFWS,
NMFS, USFS, BLM, National Park Service, USGS Biological Survey, etc. as well as agencies in
British Columbia and Alberta, Canada.

« Initiate a federal interagency and international effort to evaluate the landscape classification of
aquatic areas at larger scales to incorporate lands in Alaska and British Columbia.

» ldentify approaches and organizational units that can contribute to the pool of reference area data
and assist in filling data gaps.

« Develop a systematic uniform approach to collect further information over the long term in order
to describe undisturbed habitat conditions.

Monitoring Protocols and Study Design

General agreement exists among aquatic scientists regarding which stream habitat components are
important to aquatic organisms. There is a lack of consistency, however, in the way that habitat variables
are measured and and the degree of quantification necessary for a monitoring objective. Consequently,
the data quality (precision and accuracy) of the information is often unknown, and the data from different
programs is not comparable. Many of the habitat data collection efforts are only at an inventory level of
effort, but the information is used to render decisions that may be unsupported by the underlying quality
of the data.

Even well documented habitat inventory methods have been found to be subjective and inadequate to
characterize fish habitat for addressing land management questions (Peterson and Wollrab 1999).
Inventory scale monitoring using qualitative procedures may be useful for certain natural resource
programs, but decisions regarding compliance with water quality standards or adequacy of BMP’s need to
be based on data with known precision and accuracy. For this reason, it would be useful to initiate a
comprehensive review of existing methods with an emphasis on their ability to achieve identified data
guality objectives. In the interim, agencies should consider shifting resources to fewer more quantitative
surveys that emphasize a decision analysis approach. Several quantitative channel survey protocols
provide the basic framework for habitat evaluations (Harrelson et al. 1994, Kuntzch et al. 1998). Some
specific actions might include:

« A comprehensive evaluation of the ability of habitat protocols to produce data of an acceptable
quality. This review should be an interdisciplinary, interagency review based on the technical
adequacy of the habitat variables rather than on a consensus process.

» Development of standardized methods for habitat monitoring similar to the measurement
framework that exists for water chemistry variables, e.g., Standard Methods, Standard Operating
Procedures manual, and Quality Assurance/ Quality Control procedures.

« In the interim, agencies should review their approach to habitat monitoring, evaluate whether
current methods are capable of answering the critical water quality program decisions, and
consider the long term utility of fewer quantitative surveys over inventory and reconnaissance
procedures.

Application to Water Quality Standards and TMDL's

Narrative criteria for aquatic habitats in state standards should be substantially strengthened based on
existing known fish habitat requirements. Narrative criteria could specify the desired condition for a
critical habitat components more explicitly, e.g., salmonid spawning and rearing habitat. The narrative
criteria should also describe the process by which site specific numerical criteria could be developed and
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approved. These process statements would be expected to stimulate regional or local work groups to fill
in the information gaps for the region. Since TMDL'’s are by nature locally specific, the watershed group
or agency in charge of the problem assessment could follow the steps (stratification, reference area data,
historic conditions, etc.) to develop habitat targets meaningful to the watershed or sub-basin.

Interagency Coordination

As described above, we believe that much of the information needed to make progress on habitat
stratification, reference area identification, and monitoring protocols exists in some format within the state
and federal natural resource agencies. Bringing the agency resources together toward resolving these
guestions requires a systematic scientifically based approach. Research units of the federal agencies
have the technical resources to accomplish this task, but they would need to be brought together in a
focused, goal specific manner. The effort we envision will require funding for a directed project and
cannot be accomplished in a less rigorous manner such as an extracurricular consensus process.

viii
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Application of Aquatic Habitat Indicators to Water Quality Objectives
within the Clean Water Act

EPA Region 10

Steve Bauer and Steve Ralph

“Biologists are rather better at reinventing wheels than most scientists! We publish more and longer
papers, so older seminal ideas, like fossils in geological strata, tend to become quickly buried out of

sight.” H. B. N. Hynes (1994)

The process of science may sound messy and disorderly. In a way it is.

Carl Sagan (1996)

1. INTRODUCTION

In considering measures of stream habitat, we
rely on the foundation of work already completed
by biologists, hydrologists, and other stream
observers summarized in literature reviews,
symposia proceedings, and recent collections of
papers. Much is to be gained by connecting the
information on aquatic stream habitat from the
field of fisheries, hydrology, geomorphology,
water quality, and bio-assessment. We have
compressed the thoughts of various aquatic
ecologists and take responsibility for any errors
that arise as a result.

Scope of Project

The EPA and state water quality agencies are
increasingly asked to evaluate the CWA goals
from a holistic perspective that integrates water
chemistry, biotic integrity, and habitat integrity.
The increased species listings under the ESA
and the increase in water bodies listed under
Section 303(d) have precipitated the need to

evaluate habitat requirements of beneficial uses
as an important component of the overall health
of the aquatic ecosystem. As a consequence,
EPA initiated this review of the technical basis
and feasibility of incorporating aquatic habitat
indicators into water quality programs.

The scope of the project is limited to the physical
freshwater habitat structure of lotic aquatic
ecosystems. We do not discuss key habitat
characteristics of associated wetlands, lakes,
estuaries or near shore marine environments.
We specifically targeted the literature search
and information review to salmonid species of
fish (salmon, trout, char) as indicators of cold
water biotic communities.  Salmonid habitat
relationships have been extensively studied
because of their importance to sport,
commercial and tribal fisheries in comparison to
other aquatic organisms. In addition, fisheries
and land management agencies routinely collect
stream habitat information, and consequently
there is a better available data base on fish
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communities than on other organisms. There is
less information on habitat requirements in large
rivers and on specific habitat relationships with
invertebrate and algal communities. We
recognize these biota are critical components of
stream ecosystems, but habitat relationships
have not been studied as extensively as with
salmonid fish.

Degradation of aquatic habitats by nonpoint
source activities is recognized as one of the
major causes for the decline of anadromous and
resident fish stocks in the Pacific Northwest
(Williams et al. 1989, Nehlsen et al. 1991). Non-
point source activities can modify the physical
processes that provide important habitat
features. Habitat quality is currently used as
supportive  information in  water  quality
assessment programs, but habitat is only
minimally addressed as an endpoint in state
water quality standards. This effort will identify
where feasible the rationale and key elements of
a plan to develop a set of fish habitat condition
indicators for possible inclusion in water quality
programs.

Objectives

The original objective of the project was to
evaluate the merits and feasibility of defining
numeric values for desired habitat
characteristics for salmonid fish communities in
the Pacific Northwest. Comments received at
technical workshops and from other agencies
suggested that the emphasis on numeric targets
was too restrictive. In response, we expanded
the scope to address the expression of
indicators to include narrative statements.
Habitat indicators, whether expressed in a
narrative or numeric manner, are needed within
the context of the CWA as well as the ESA in
order to define conditions required for the
protection and recovery of salmonid populations.
Without these defined measures of instream
habitat, we have a limited basis for judging the
adequacy of protection measures and the
effectiveness of recovery efforts for salmon and
trout populations.

An additional objective was suggested by
comments from federal agency professionals
involved in implementation of the ESA, since
habitat indicators serve a different role in the
ESA than in the CWA. We have attempted to
compare and contrast the roles and application

of habitat indicators between these two laws as
we have evaluated these habitat variables.

Methods

Rather than conduct a comprehensive literature
review, we focused on the summary of the
literature that has been compiled in various
synthesis documents and special publications.
We then targeted literature sources with a
special significance to particular habitat
indicators or that provided the conceptual basis
for habitat monitoring and assessment.
Because of the general lack of agreement
evident in agency programs, we canvassed
professionals in the field regarding their ideas on
the development and use of habitat indicators
via workshops in Region 10. A concept paper
based on an initial review of the literature was
distributed to habitat professionals in the Pacific
Northwest. One-day workshops were then held
in Washington, Oregon, Idaho, and Alaska with
approximately 40 resource professionals to
solicit their ideas and discuss potential
approaches. Their advice and input provides
the basis for this report. A second draft of the
concept paper was then distributed for an
internal review at EPA Region 10 and to
technical habitat specialists within the NMFS
and USFWS. In addition, a special work
session entitled “Environmental Indicators of
Freshwater Salmonid Habitats” was held at the
October 1998 Western Division meeting of the
American Fisheries Society. This approach and
other perspectives on this important issue were
presented at that forum.

Terminology

It is useful to first standardize some terminology
related to habitat indicators. Habitat
component is used to refer to an element of the
habitat where an organism occurs (Armantrout
1998) and is considered generally synonymous
with stream attribute or pathway. A habitat
variable is a quantifiable measurement of a
habitat component (synonymous with
parameter). Water quality criteria, as used in
the CWA, refers to elements of state standards,
expressed as numerical quantities or narrative
statements, that represent the quality of water
needed to support a particular beneficial use
(USEPA 1994c). The term “habitat indicator”
is used in this document to emphasize the
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condition of the habitat rather than the more
regulatory connotation usually associated with
the term “criteria”.

Declines in Fisheries and Water

Quality

Habitat Degradation and Fisheries

Declines

Decline in salmon and trout populations is a
predominant theme in the Northwest closely
linked to habitat degradation. Evaluations of the
status of Pacific salmon (Oncoryhnchus spp.)
have concluded that many stocks have become
extinct over the last century and that many other
stocks currently are declining and risk extinction
(Konkel and Mclintyre 1987, Nehlsen et al. 1991,
Nehlsen 1997). Habitat degradation has been
associated with over 90% of the documented
extinctions or declines of these fish species
(Williams et al. 1989, Nehlsen et al. 1991).
Declines in populations of mussels and crayfish
have also been attributed to habitat degradation
(Williams et al 1993, Taylor et al. 1996). Forest
practices, agriculture, livestock grazing, road
building, urbanization, and dams have
contributed to the habitat decline. Factors not
regulated by the CWA - commercial and sport
harvest, hatchery  production,  migration
corridors, and ocean conditions - have also
contributed to the decline of Pacific salmon
(Stouder, Bisson, and Naiman 1997).

The causes for extinctions or declining stocks of
Pacific salmon are complex and differ from basin
to basin, but habitat degradation (including
losses caused by dams) was explicitly identified
as a factor in the declines of 194 of the 214
stocks and was believed to be the principal
factor in the declines of 51 at-risk stocks
(Nehlsen et al. 1991). Modification of aquatic
habitats is generally related to one or more
fundamental components of stream ecosystems:
channel structure, hydrology, sediment input,
riparian forest alteration, and exogenous
material.  Effects of these modifications on
salmonid fishes and their ecosystems include:
loss of overwintering habitat, shift in species
balance, loss of cover from predators, loss of
suitable spawning areas, reduced inter-gravel
survival of eggs and alevins, reduced survival of

juveniles and outmigrating smolts resulting from
altered timing of discharge-related life cycle
cues, increased primary production and possible
anoxia associated with elevated water
temperature, and other effects (Gregory and
Bisson 1997).

Water Quality Condition

The increased listings of water quality limited
water bodies in Region 10 are symptomatic of
the water quality problems in the Pacific
Northwest. Litigants have been successful in
gaining court orders to increase the number of
streams listed on State 303(d) reports. For
example, Idaho’s 1996 list now contains 951
stream  segments  (ldaho Division  of
Environmental Quality 1997). The pollutant
category “sediment” provides a surrogate for
habitat degradation associated with nonpoint
source activities. A summary of the list indicates
that 90% of the streams are listed due to
sediment impacts. (Fewer stream segments,
15%, are listed under the category “habitat
alteration”, but this category refers specifically to
direct channel alterations and does not provide a
dimension of the habitat impacts.) Oregon's
1996 list contains approximately 900 water
bodies, half of which are listed exclusively for
elevated temperature (Oregon Department of
Environmental Quality 1996).

The magnitude of aquatic habitat degradation in
the Pacific Northwest and its relationship to the
decline of fish populations have been
demonstrated. However, an accurate appraisal
of the scope of the water quality problem related
to habitat decline remains illusive. Identifying
habitat quality will not contribute to stream
recovery without a connection to action plans.
Nonetheless, the identification of habitat as an
environmental endpoint is a fundamental tool
that is currently missing from the nonpoint
source management program despite its wide
acceptance as a fundamental component of
water quality assessment.
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Role of Habitat Indicators in the
Clean Water Act and Endangered
Species Act.

Introduction

Understanding the purpose and rationale for
addressing habitat within the CWA is the initial
step in selecting applicable indicators. Two
different, but related, objectives for habitat
indicators are evident in CWA programs. The
first is the assessment of the status of the
aquatic environment in supporting beneficial
uses. The second is to gauge the effectiveness
of management practices in preventing pollution
and protecting beneficial uses. These objectives
can entail the selection of different sets of
indicators.

Although this paper's focus is on habitat
indicators for the CWA, we do compare the
objectives and application of habitat indicators
within the CWA to those uses prescribed within
the ESA. There is a desire among federal
agencies to use similar indicators to avoid
potential conflicts between regulatory programs.
However, agency policy in applying habitat
indicators may be different for the CWA and
ESA, because these laws are intended to fulfill

different missions. Understanding the nature of
these differences and similarities between the
CWA and ESA is necessary to address issues of
regulatory overlap.

Clean Water Act Goals

The goal of the CWA is to "restore and maintain
the chemical, physical, and biological integrity of
the nation's waters." James Karr (1991)
highlighted the shortcomings of relying solely on
nonbiological measures, such as chemical
quality, to evaluate attainment of this goal.
Since that time EPA and state agencies have
increased efforts to incorporate biological criteria
and bioassessment into the water quality
programs.

Increased understanding of what is required to
support beneficial uses of water has broadened
the definition of water resource integrity to
include flow regime, chemical quality, biotic
factors, energy sources, and habitat structure
(Figure 1}. Physical and chemical variables
form the core set of measures traditionally used
in managing water quality programs. Managing
these factors alone will not protect beneficial
uses, because other biotic and abiotic factors
are integral to the expression of water resource
integrity.
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Figure 1. Water resource integrity (Adapted from Yoder 1995).

The importance of direct measurement of
biological integrity to water quality programs is
formally recognized in EPA policy and guidance
(USEPA 1987, USEPA 1991). Forty-seven
states employ some form of biological
monitoring using macroinvertebrate
assemblages, and 25 states have fish
assemblage monitoring programs. Three states
— Ohio, Maine, and Florida — have incorporated
numeric biological criteria into their water quality
standards, and many other states have work in
progress (Southerland and Stribling 1995).

One potential downside to using biological
measures as endpoints is that biological
populations, especially migratory fish
assemblages, exhibit high natural variability due
to factors unrelated to nonpoint source activities
such as climate, harvest, natural disturbance,
and ocean productivity. For example,
interannual variations of 40-70% are the general
rule for coho salmon, steelhead, and sea-run
cutthroat trout (Summary of studies in Bisson et
al. 1997). In a review of fish assemblage
studies, Grossman, Dowd, and Crawford (1990)
noted that the high variability in fish
assemblages can make it difficult to detect the
effects of human caused disturbances.

Disturbance events likewise affect habitat
variability, but these habitat variables are not
subject to the extreme, and often inexplicable,
cycles observed with fish  populations.
Combining habitat, as a measure of the physical
integrity of the stream, with direct measures of
biological integrity will provide a more powerful
way to measure progress in achieving the goals
of the Act.

Habitat attributes are collected as an integral
part of bioassessment procedures (Plafkin et al.
1989, Hayslip 1993). However, habitat
attributes are routinely measured qualitatively
and are used primarily as explanatory variables
in data interpretation. Developing habitat
structure as a direct measure of water resource
integrity will improve the linkage to nonpoint
source activities. Poff and Ward (1990) address
the rationale for using physical habitat as a
template for stream biota: “In lotic ecosystems,
physical habitat structure is of critical importance
to the distributions and abundances of
organisms. In  general, greater spatial
heterogeneity at the scale of organisms results
in greater microhabitat and hydraulic diversity
and hence in greater biotic diversity.” In large
areas of the Northwest's forests and
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shrub/grasslands, the predominant effect of land
management is to reduce stream habitat
diversity and, thereby, reduce the complexity of
the biotic community.

Incorporating habitat indicators into the existing
water quality standards requirement for physical,
chemical, and biological criteria fills an important
gap in water quality management. The
cumulative effects of land (and water) use and
related alterations are largely responsible for the
degradation of watersheds in the Pacific
Northwest by way of the physical alteration of
stream ecosystems and the processes
accounting for their characteristics. Establishing
habitat as a measurable endpoint is an essential
tool to improve the cause-and-effect evaluation
of nonpoint source activities and to establish
programmatic endpoints. Assuring that water
quality programs are on target is important
environmentally, socially, and economically.
Best management practices and TMDL'’s that
are not targeted to problem resolution will waste
resources in the interim and exacerbate the
environmental problem through inaction and
delay.

Nonpoint Source Management Process

Ideally, nonpoint source pollution evaluation and
control is implemented through an iterative
management process. The CWA's goal of
maintaining and restoring the physical, chemical,
and biological integrity of the Nation’s waters is
fundamental to state water quality programs.
EPA has authority (Section 303 of CWA, 33
U.S.C. 1313) to review and approve or
disapprove state water quality standards based
on consistency with the CWA. Water quality
standards must contain use designations, water
quality criteria (both narrative and numeric)
sufficient to protect these uses, and an anti-
degradation policy. Numeric criteria for aquatic
biota typically address temperature, pH,
dissolved oxygen, toxic contaminants, and
turbidity.

Best management practices for nonpoint source
activities are often comprised of other state
agency regulations for forest practices, mining,
or channel alteration that have been reviewed
for consistency with state standards. Monitoring
of BMP efficacy occurs through state-wide
audits and site-specific water quality studies.
BMP’s are updated when they are found to be

ineffective in protecting beneficial uses. The
“feedback loop” is also applied at other degrees
of resolution - basin, watershed or specific
stream reach.

Habitat quality indicators can aid water quality
management at a number of programmatic
steps: (1) beneficial use designation,
attainability, and status, (2) BMP evaluation, (3)
project evaluation and water quality certification,
(4) National Environmental Policy Act (NEPA)
review, (5) watershed analysis endpoints, and
(6) restoration endpoints.

Beneficial use designation is a cornerstone of
the CWA. Application of criteria and pollution
control requirements for each waterbody
depends on the wuse designation. Use
attainability is based on physical, chemical, and
biological factors including habitat features
(USEPA 1994c). A quantitative approach to use
attainability decreases the uncertainty in water
pollution control programs and helps focus
limited resources. In current practice, use
attainability and status determinations depend
heavily on bioassessment protocols using
macroinvertebrate and fisheries assemblages.
Habitat is measured primarily in a qualitative
fashion in order to assist in the interpretation of
the biotic data. Evaluation of potential
designated uses would be improved by
concurrently evaluating habitat conditions using
more quantitative approaches.

Determining  beneficial use status, e.g.,
supported vs. threatened, is the next basic step
in the application of a water quality evaluation to
management programs. If uses are not fully
supported due to water quality impacts, the state
has the obligation to identify the cause and take
corrective action including development of
TMDL’s. State 303(d) lists of Water Quality
Limited Waters are based on noncompliance
with criteria  and on beneficial use status
evaluations. The more accurate these status
determinations are the more appropriate will be
the requirements for pollution control.

Role of Habitat Indicators in the
Endangered Species Act

Habitat indicators are used within the ESA to
evaluate proposed federal actions as part of
Section 7 consultations in terms that define the
risks to listed species. Essentially, they serve to
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define the components of “proper functioning
conditions,” which reflect those habitat features
necessary to support listed species’ recovery.
Guidelines for making ESA “determinations of
effect” for proposed actions are contained in two
similar documents by NMFS and USFWS
(NMFS 1996 and USFWS 1998). The
documents differ with respect to the subject
species, but otherwise use a similar process.
The described application of habitat indicators to
ESA determinations is taken from these
documents.

An analysis of proposed activity for Section 7
consultation involves the following steps:

(1) define the biological requirements of listed
species;

(2) evaluate the relevance of the environmental
baseline to the species' current status;

(3) determine the effects of the proposed or
continuing action on listed species; and,

(4) determine whether the species can be
expected to survive with an adequate
potential for recovery under the effects of
the proposed or continuing action, the
environmental baseline and any cumulative
effects, as well as consider measures for
survival and recovery specific to other life
stages.

The gquidelines are intended to provide a
consistent, logical line of reasoning to determine
when and where adverse effects occur and why
they occur. The guidelines do not address
jeopardy nor identify the level of take, adverse
effects which would constitute jeopardy, or high
risk to the species/population of concern.
Jeopardy is determined on a case by case basis
involving the specific information on habitat
conditions and the health and status of the fish
population.

The guidance documents contain definitions of
ESA effects, a matrix of pathways of effects, and
indicators (including habitat indicators) of those
effects. A proposed action is evaluated by
analyzing the environmental baseline and the
effects of the proposed action(s) on the relevant
indicators. Using the guidelines, the Federal
agencies and non-federal parties can make
determinations of effect for proposed projects
(i.,e. "no effect”, "may affect, “not likely to

adversely affect”, and “likely to adversely
affect”). These determinations of effect will
depend on whether a proposed action or group
of actions hinders the attainment of relevant
environmental conditions identified in the matrix
as pathways and indicators, and/or results in
"take", as defined in ESA.

The terminology used in these guidance
documents provides an indication of how habitat
indicators can be used differently in the
consultation process than from CWA programs.
“Pathways” organizes portions of the aquatic
ecosystem, e.g. water quality, habitat access,
habitat elements, channel condition, etc., in a
manner that facilitates connections to input
processes. “Indicators” refers to specific
measures of the pathways and includes a mix of
narrative statements and numeric targets. For
example, temperature (numeric) and turbidity
(narrative) are response variables used to
indicate whether the water quality pathway is
properly functioning. Narrative statements, for
example, about the Ilevel of “chemical
contamination” are also included as indicators
for pathways.

The Pathways and Indicators are used to predict
effects of proposed actions. The evaluation
involves a holistic approach, since the intent is
to prevent harm to the listed species (taking).
The evaluation of effects, therefore, includes
both input processes and the response of the
channel and habitat to the activity. The
evaluation also needs to address watershed
scale effects and cumulative effects. The
evaluation is based on the best available
information about the species requirements and
the potential effect of the action. Default values
for numeric targets are based on available
information, which emphasizes a conservative
approach to protecting the species. In
circumstances where these default values do
not apply to a specific watershed, the evaluator
is expected to provide more biologically
appropriate values and document this decision.

Contrast Between Habitat Indicators in
CWA and ESA

The mission of the CWA versus the ESA may
lead to a different selection of indicators or the
selection of a different numeric value for the
same indicator. Implementing agencies need to
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understand these similarities and differences
and develop a complementary process that in
combination contributes to the long-term
ecological health of the aquatic resource.

There are similarities as well as differences in
the purpose and application of indicators
between these two major laws. The habitat
components important to the salmonid
populations are the same — cool water, water
free of contaminants, diverse habitat structure
with an alteration of pools and riffles, intact
riparian systems, etc. However, the underlying
mission and application to programs will
necessarily lead to a different selection and
usage of habitat indicators. These distinctions
involve the different application of indicators
within the program framework, the allowable
degree of risk, and the justification required for
adopting the indicator.

ESA consultation involves predicting effects of
proposed actions. The evaluation procedure
examines both the upslope inputs and
processes as well as the habitat response.
Because ESA specifically addresses species at
risk of extinction, the selection of default
numerical values errs in favor of the species.
Federal ESA agencies have the authority to
develop and adopt project review procedures
administratively with little outside external
review.

Water quality standards and criteria focus on the
outcomes, i.e. the chemical, physical, and
biological integrity of a water body. Habitat
indicators, either narrative and numeric, can be
integrated into this system. The evaluation of
upslope input variables occurs as part of the

review of the BMP’s adequacy as well as
through implementation and effectiveness
monitoring.  These input variables are not
included in water quality criteria since the criteria
are directed at defining the quality of the
environment necessary to support the beneficial
use. Numeric criteria are generally set at the
threshold of effect for a parameter — not at the
level of least risk for the aquatic species. The
process of establishing criteria involves multiple
layers of review prior to adoption. The
procedure establishes a balance between
protection of the beneficial use and the social
and economic effects of the decision.

In summary, habitat indicators under the CWA
are intended to aid in measuring the quality of
the aquatic environment in order to protect and
maintain the beneficial uses. As such, habitat
variables focus on the in-channel conditions and
not on the upslope and input processes. Under
ESA, indicators are used to evaluate the effect
of future actions and to address both the input
(often upslope) variables as well as the in-
channel habitat variables.  Default numeric
values are identified as a starting point for
certain habitat components, and these indicator
values can be adjusted to fit the landscape
where sufficient local information exists. The
different missions inherent in these laws, and
their implementing policies and regulations, may
indeed lead to a different selection of indicators
or a different magnitude in the default values of
a single indicator. Agencies should seek to
understand these similarities and differences
and develop a process such that the
implementation of these laws is perceived as
complementary rather than as conflicting.
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INDICATORS

2. CHALLENGES IN DEVELOPING HABITAT QUALITY

As an integral part of developing an approach to
habitat quality indicators, we canvassed the
literature and workers in the field regarding the
technical limitations to the development of
numerical indicators. Although habitat quality is
recognized as a limiting factor for fisheries and
aquatic biota, little concensus exists on how to
measure habitat quantitatively and how to
evaluate the results. Difficulties in implementing
biotic/ habitat assessment and criteria
development have been addressed in a humber
of recent summaries - Biological Monitoring of
Aquatic Ecosystems, Loeb and Spacie (1994);
Biological Assessment and Criteria, Davis and
Simon (1995); and, Pacific Salmon & Their
Ecosystems, Stouder, Bisson, and Naiman
(1997).

Concerns with development and application of
criteria identified in these summaries can be
grouped into five primary issues: the high
degree of natural variability in stream systems,
the lack of reference conditions to serve as
benchmarks, the effect of natural disturbance on
stream conditions, problems associated with
measuring habitat variables, and lastly the use
and application of habitat measures within the
context of the Clean Water Act. We will
summarize these challenges before discussing
some possible remedies and approaches to
developing habitat indicators.

Natural Variability

Stream ecosystems are inherently variable.
Various combinations of climate, geology,
vegetation and landform have created a mosaic
of habitats in which aquatic biota have evolved.
Over geologic time scales, these factors control
the characteristics of watershed processes that
operate to define instream habitats. The
diversity of physical habitats sustains various
salmonid species and their life histories and has

allowed locally-adapted populations to evolve in
order to take advantage of these variable
conditions. Habitats vary in their pattern, profile
(gradient), and channel dimensions, which, in
turn, control flow characteristics, water velocity,
substrate, bank shape, overhead cover,
temperature, and associated vegetative
communities.

Bisson et al. (1997) noted that the most
important aspect of identifying Desired Future
Condition (FEMAT 1993), a concept similar to
habitat quality indicators, is to address the
natural variability inherent in both habitat and
fish populations and to accommodate for the
natural disturbance regime of a watershed. Poff
and Ward (1990) describe the potential
complexity of aquatic ecosystems as arising
from the interaction of spatial, temporal, and
ecological scales. The detection of recovery
from natural or anthropogenic disturbance
depends on selecting the appropriate spatial and
temporal scales for the ecological response
variable. The return of the system to an
endpoint (DFC or habitat criteria, for example)
which approximates the pre-disturbance state is
the central question. Recovery from
anthropogenic disturbance can be conceived as
a function of the biota’'s experience with
historical natural variation. Poff and Ward (1990)
suggest that streamflow characteristics, thermal
regime, and substrate characteristics are the
minimum elements needed to characterize the
physical template for ecological studies and
management evaluations.
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Spatial Scale Small < » Large
microhabitat watershed
pool/riffle region
Temporal
Scale Fast < P Slow
diel multi-annual
seasonal geological
Ecological Community
Scale Individual < » Ecosystem
behavior species migrations
physiology nutrient dynamics

Figure 2 Potential complexity of aquatic ecosystems as the interaction of spatial, temporal, and

ecological scales. Poff and Ward 1990.

Lack of Reference Conditions to
Serve As Benchmarks

Reference areas provide the template for habitat
conditions in which native aquatic biota have
evolved. Habitat values from reference areas
provide both a measure of what constitutes
"good" conditions as well as a measure of the
variability of conditions in which native species
have evolved. Reference areas are not used as
the target conditions but, rather, as a scalar in
order to provide a measure of the potential
conditions which result from natural disturbance.

There is little agreement on what areas
represent reference conditions and what degree
of human disturbance is allowable for sites to be
used as reference conditions. In the Pacific
Northwest, most grass and shrub land areas
have been altered by grazing for decades. In
forested zones, roadless areas and mature
forests represent the best potential for reference
conditions. However, even these areas may
have been compromised by historical or current
fire  management, wildland grazing, mining
exploration, or recreational uses.

Experience in the bioassessment program has
shown that the determination of the health of
individual candidate reference sites is one of the
most difficult aspects of biocriteria development
(Hughes 1995). For example, it was observed
that several states have used fundamentally

altered ecosystems to serve as reference sites,
which understandably undermines the purpose
and intent of identifying reference conditions.

The majority of stream inventory and monitoring
programs have been directed at measuring
habitat in managed and impacted areas, so little
data is available in the areas that potentially
represent reference conditions. An exception to
this observation is the Natural Conditions data
collected by the Intermountain Research Station
in the Salmon River Basin of central Idaho
(Overton et. al 1995). In this instance, the USFS
collected habitat measures in primarily roadless
areas in which natural disturbance regimes
(such as fire, flood, and drought) were
considered the primary influence.

The Effect of Natural Disturbance on

Stream Conditions

The quandary for addressing human-caused
impacts on aquatic ecosystems is the
recognition that natural disturbances play a
major role in the development of habitats.
Habitat condition can change dramatically as a
result of storms, fires, and mass wasting events.
If this is so, how does one distinguish the
harmful effects of human disturbance from
similar changes introduced as part of the natural
disturbance regimes?

The concept of natural disturbance as a positive
factor in salmonid habitat formation is described
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in the following statement from Bisson et al.
(1997):

“The natural disturbance regime is the
engine that drives habitat formation for
salmon.  Short-term impacts of natural
disturbances on salmon populations are
often negative. Death may result, habitat
may be destroyed, access to spawning or
rearing sites may be blocked, or food
resources may be temporarily reduced or
eliminated. © However, many types of
natural disturbances introduce new
materials into stream channels that are
essential for maintaining productive
habitat. Mass soil movements such as
earthflows and debris  avalanches
contribute coarse sediment and woody
debris (Swanson et al. 1987). Wildfires
and windstorms contribute both coarse
and fine debris as well as nutrients
(Minshall et al. 1989). Floods entrain
nutrients, sediment, and particulate
organic matter of all sizes (Bayley 1995).
Volcanic eruptions create new soil, form
new riparian terraces, and create new
stream channels and lakes.”

The distinction between the effects of natural
and human induced disturbance on aquatic
ecosystems is in the rate of recovery. Natural
disturbances occur as pulse disturbances versus
human disturbance, which occurs as a
continuing or press disturbance. Pulse
disturbance causes a relatively instantaneous
alteration after which the system recovers to its
previous state. Invertebrate and salmonid
populations can rebound rather quickly following
natural disturbance (Wallace 1990, Bisson et al.
1997). A press disturbance causes sustained
alteration in the ecological processes, thereby
moving the system to a new state. In general,
press disturbances result in longer recovery
times due to alteration of the physical habitat as
occurs with mining activity, clear-cut logging,
and channelization (Yount and Niemi 1990).

A related problem confounding the application of
habitat indicators within a regulatory context has
to do with the persistence of disturbances
associated with past land management practices
(legacy effects). For example, benefits from the
use of effective land management practices to
abate sediment input can be difficult to judge by
measuring instream conditions because of the
recovery periods involved with sediment flushing

through a river system. Similarly, because of a
lag effect in the result of an action taken on a
hillside, it is difficult to judge the true risk and
outcome of, for example, clearing and grading
activities on unstable terrain.

Measurement Quality Considerations

Habitat inventory and monitoring is usually
conducted as a component of fisheries
management programs or land management
planning and evaluation involving timber,
grazing, and mining on public lands. In some
cases, study objectives were only vaguely
defined, assumptions were never explicitly
tested, and study design considerations were
not given appropriate consideration. Monitoring
programs typically suffer from chronic under-
funding and low priority status compared to
other management activities. Data collected for
an environmental assessment or specific project
often are not analyzed beyond a file report. As a
consequence, habitat monitoring data often
lacks reproducibility at a location, comparability
between sites, and continuity of institutional
memory in the evaluated watersheds.

Habitat inventories were developed primarily as
aids to land management decisions with an
emphasis on speed of collection rather than on
repeatability. These primarily subjective
methods and the data derived from them are not
amenable to quantitative analysis. Poole et al.
(1997) found that habitat unit classification, a
basic foundation of stream habitat surveys, was
inadequate for measuring trends over time due
to the lack of repeatability. Desired attributes for
variables used as habitat quality indicators
includes repeatability, transferability, precision,
as well as sensitivity to human impacts and
natural variability. The subjectivity of many
current habitat protocols precludes their ability to
meet these necessary attributes.

Concerns with Use of Habitat
Variables Within the Clean Water Act

In part, the concerns with developing habitat
quality indicators are related to misconceptions
about what role water quality criteria play in both
water quality programs and land management
activities.

11
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The concerns with developing numerical habitat
criteria generally fall into one of three categories:
1) criteria become management targets, thus
allowing higher quality areas to be degraded; 2)
instream criteria promote technological quick
fixes, i.e., a band-aid treatment rather than fixing
the cause of degradation; and, 3) national or
regional criteria are applied inappropriately at
the watershed scale in a one-size-fits—all
approach.

Water quality criteria are not intended as
management targets, and no provision in the
Clean Water Act implies that degradation of
streams to the criteria level is acceptable. The
philosophy of maintaining high quality waters is
a basic tenet of the Clean Water Act, which is
explicitly expressed in the Antidegradation
Policy (USEPA 1994c). The policy to protect
high quality waters at existing levels is a
requirement for approval of state water quality
standards. The policy, however, has not been
applied uniformly by EPA and the states, and
consequently, the intent of protecting high
quality waters has not been realized.

Criteria for water quality measures have typically
been established at a level designed to protect
aquatic biota from acute and chronic effects.
Setting the criteria level is a balancing act
between acceptable risk to aquatic biota and the
costs to society. It is not the intent or policy of
the Clean Water Act to use criteria as surrogates
for management goals. Criteria are assessment
endpoints to help evaluate progress toward
meeting goals and objectives as well as
evaluating BMP effectiveness. Antidegradation
policy makes it clear that water quality criteria
are not management targets to which streams
can be managed down.

A criticism of establishing fixed one-size habitat
criteria is that it promotes inappropriate
technological fixes that treat the effect and not
the cause. Some managers take an active
approach to fixing stream problems that is not
supported by scientific evaluation of the
outcome. Addition of structural elements has
been promoted in fisheries management in the
past, but there is little evidence of significant and
long-term improvement in fisheries production
from such practices (Beschta 1997). Judged on
the basis of the evolving principles of ecosystem
management, many structural approaches
cannot be construed as restoration. As the
ecosystem management approach is

implemented, there will be less reliance on direct
manipulation of instream structures. Use of
ecologically inappropriate means to achieve
instream criteria are not an adequate rationale to
abandon criteria development, rather the
emphasis should be placed on ecologically
sound stream restoration.

Habitat indicators will have to be responsive to
the variability in the stream ecosystems to
provide a viable tool for assessing and
managing nonpoint source activities.  One
approach to tailoring “criteria” to meet the needs
and variable expression of aquatic habitat
involves stratification. ~ Methods to spatially
stratify stream systems by landscape and
channel geomorphology are widely used and
integrated into resource management programs
(Kratz et al. 1994, Rosgen 1996, Frissell et al.
1986). Although these approaches are not
standardized across the Northwest, the
underlying principles are well accepted. Habitat
indicators should be developed to reflect
landscape and aquatic ecosystem variability and
system potential. Habitat criteria based on
single or limited values, which are not
representative of the local environment, will not
be accepted by the scientific community.
Rather, we should encourage the use of a suite
of habitat indicators, both in-channel and
upslope, to provide a more comprehensive and
reliable basis for interpretation of the cause—
effect relationships associated with water
resource concerns. These concepts are
discussed in detail in the following sections of
this report.

12
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USE EFFECTS

3. SALMONID HABITAT REQUIREMENTS AND LAND

Introduction

Literature which summarizes salmonid fisheries
habitat requirements is reviewed in several
documents: An ecosystem approach to
salmonid conservation (Spence et al. 1996);
Habitat requirement of salmonids in streams
(Bjornn and Reiser 1991); Forestry impacts on
freshwater habitat of anadromous salmonids
(Murphy et al. 1995), Fisheries handbook of
engineering requirements and biological criteria
(Bell 1986), and essential fish habitat for four
species of salmon (NMFS 1998). Pacific Salmon
and their Ecosystems (Stouder et al. 1997) is an
excellent compendium of articles on salmonid
fish status, factors contributing to their decline,
and restoration needs and opportunities. The
summary table of effects of land uses on
salmonid habitats is taken from the article
“Degradation and Loss of Anadromous
Salmonid Habitat in the Pacific Northwest” by S.
Gregory and P. Bisson (1997) with permission
from the authors. The following section is
adapted from these two documents.

Habitat requirements for salmonid fishes are
organized by life-history stages, because the
fish utilize different micro-habitats depending on
their life stage and size. Bjornn and Reiser
(1991) discuss habitat requirements in relation
to five major life stages: migration of maturing
fish to natal streams, spawning by adults,
incubation of embryos, rearing of juveniles, and
downstream migration of fish. Within these life
stages, habitat requirements have been divided
into physical and chemical attributes that
correspond roughly to three of the factors in
Karr's organization of water resource integrity
(Yoder 1995). These factors include water
chemistry (temperature, dissolved oxygen, and
turbidity), flow regime (streamflow, water
velocity, and depth), and habitat structure
(space, substrate, and cover).

Despite the body of literature on the habitat
requirements of salmonids, there is little
concensus on the ability to describe these
requirements  quantitatively  for  individual
species. Several recent reviews of species
status were unable to identify specific habitat
thresholds. Stream channel stability, habitat
complexity, substrate  composition  were
identified as prominent factors that influence bull
trout populations; however, no tolerance
thresholds for these characteristics were
recommended (Rieman and Mclintyre 1993). In
reviewing the conservation assessment for
inland cutthroat trout, Young (1995) states that,
although the basic components of habitat are
understood, there is little information about what
constitutes ideal or optimal habitat for this
species.

These examples illustrate the difficulty of
developing habitat indicators at the species level
from the existing literature. An alternative
approach is to identify and protect the general
habitat characteristics of stream ecosystems
necessary to support healthy fish populations
and, perhaps more importantly, the processes
that promote their development. The summary
of habitat requirements that follows, adapted
primarily from Bjornn and Reiser (1991), focuses
on the structural habitat features of stream
systems. It is included here to identify the
importance of habitat in supporting salmonid fish
as a beneficial use and is directed toward the
non-fish biologist in the water quality field.

Migration of Adults

Adult salmon returning to their natal streams
must reach spawning grounds at the proper time
and with sufficient energy reserves to complete
their life cycles. Stream discharge, water
temperatures, and water quality must be suitable
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during at least a portion of their migration
season.

Salmon and trout respond to stream
temperatures during their upstream migrations.
Delayed upstream migrations as a result
excessively warm water temperature have been
observed in salmon and steelhead. Stream
temperatures can be altered by removal of
streambank vegetation, alteration of the channel
shape to a wider and shallower profile, as well
as withdrawal and return of water for agricultural
irrigation.

Cover for salmonids waiting to spawn or in the
process of spawning can be provided by
overhanging vegetation, undercut banks,
submerged vegetation, submerged objects such
as logs and rocks, floating debris, deep water,
turbulence, and turbidity. Cover can protect fish
from disturbance and predation. Some
anadromous fish, chinook salmon and steelhead
for example, enter freshwater streams and arrive
at the spawning grounds weeks or months
before they spawn. If the holding and spawning
grounds have little cover, such fish are
vulnerable to disturbance and predation over a
long period.

Spawning and Incubation

Substrate composition, cover, water quality, and
water quantity (i.e. seasonal stream flow
characteristics) are important habitat elements
for salmonids before and during spawning. The
quality of the substrate, water depth, and
velocity defines the area suitable for spawning,
but the suitability of the substrate for spawning
depends mostly on fish size; large fish can use
larger substrate materials than can small fish.
Steelhead, for example, use substrate in the
range of 1 - 10 cm compared to rainbow trout
that use substrate in the 0.6 - 5 cm range.
Cover is important for adults in species that
spend several weeks maturing near spawning
areas.

Successful  incubation of embryos and
emergence of fry depend on many chemical,
physical, and hydraulic variables: dissolved
oxygen, water temperature, biochemical oxygen
demand in the water column and deposited in
the redd, substrate size (including the amount of
fine  sediment), channel gradient and
configuration, water depth above the redd,

permeability and porosity of the gravel, and
velocity through the redd. Water quality
standards require more restrictive standards for
temperature and dissolved oxygen for salmonid
spawning, and standards have generally not
addressed the effect of fine sediment due to the
difficulty in establishing quantitative thresholds.

Streambed particles in the redd at the end of
spawning as well as organic and inorganic
particles that settle into the redd affect the rate
of water interchange, the oxygen available to the
embryos, the concentration of wastes, and
emergence of alevins. During redd construction,
spawners displace fine sediments and organic
material, which improves the conditions for the
survival of embryos. Fine sediment inevitably
moves back into the redd environment after
construction. The amount of fine sediment
deposited and the depth to which it intrudes
depend on the size of substrate in the redd, flow
conditions in the stream, and the amount and
size of sediment being transported. Intrusion
into the redd is higher with smaller particle sizes
and these particles have a higher potential to
reduce survival. Larger intruding particles can
create a seal or a clogged layer within the gravel
preventing fry from emerging from the redd.
Relation between embryo survival and particle
size has been investigated in lab studies;
however, the degree to which these studies
simulate the conditions found in the egg pocket
of a natural redd is unknown.

Rearing Habitat

The capacity of a stream to support salmonid
fish populations depends on the spawning and
incubation success, the quality and quantity of
suitable habitat, abundance and composition of
food, and interactions with other fish and
predators. Environmental factors can affect the
distribution and abundance of juvenile salmonids
at various scales. Temperature, productivity,
suitable space, and water quality can regulate
fish populations at a reach or stream system
scale. Fish respond to velocity, depth,
substrate, cover, competition and predation at a
habitat unit or micro-habitat scale. Temperature,
dissolved oxygen, turbidity, and nutrients are
important water chemistry factors that regulate
the distribution of salmonids. These factors for
the most part are addressed in state water
quality standards or programs and are not
discussed further.
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Space suitable for use by salmonids is a
function of streamflow, channel morphology,
gradient, and various forms of instream or
riparian cover. Space requirements are related
to sufficient depth and quality of water flowing at
appropriate velocities. The addition of cover —
extra depth, preferred substrates, woody debris,
etc. — increases the complexity of the space.
The amount of space needed by fish increases
with age and size class. Physical space in a
stream is reduced over time as dikes and levees
are built to contain flood flows, roads are built in
the riparian zone, and streams are ditched or
moved to one side of the valley floor.

Given adequate flow in a stream, velocity is
probably the next most important factor in
determining the amount of suitable space for
rearing salmonids. If the velocities are
unsuitable, no fish will be present. Natural
streams contain a diversity of velocities and
depths. The velocities required and used by
juvenile salmonids vary with size of fish and
sometimes with species. Some juvenile
salmonids, as they grow, select sites in streams
with increasingly faster velocities, presumably to
gain access to more abundant food. Preferred
depth of water is subject to needs for suitable
velocities, access to food, and security from
predators. The relation between water depth
and fish numbers depends on the mixture of fish
species and sizes, amount of cover, and size of
stream. Fish abundance likely rises with
increasing depth up to a point.

Substrates are important habitats for incubating
embryos and aquatic invertebrates that provide
much of the food for salmonids; substrates also
provide cover for fish in summer and winter.
Juvenile salmonids will hide in the interstitial
spaces of stream substrates, particularly in
winter, when the spaces are accessible. The
summer or winter carrying capacity of the
stream for fish declines when fine sediments fill
the interstitial spaces. For example, it has been
observed that steelhead and chinook salmon
migrate downstream in fall and winter until areas
with larger substrate are encountered. In
summer, clean substrates contribute to carrying
capacity by providing habitat for invertebrates
that fish utilize as prey. In winter, the substrate
is more important as a source of cover.

Cover is an important, but difficult to define,
aspect of salmonid habitats in streams.
Features that provide cover include water depth,

water turbulence, large-particle substrates,
overhanging or undercut banks, overhanging
vegetation, woody debris, and aquatic
vegetation. Cover provides security from
predation for fish and allows them to occupy
portions of streams they might not use
otherwise. Fish abundance in streams has been
correlated with the abundance and quality of
cover in studies of cutthroat trout, steelhead,
and chinook salmon. Large woody debris is an
important form of cover linked to abundance of
juvenile coho salmon and steelhead.

Alteration of Salmonid Habitats by

Land-Use Practices

Modification of aquatic habitats generally affects
one or more of six fundamental components of
stream  ecosystems: channel  structure,
hydrology, sediment input, environmental
factors, riparian forests, and exogenous material
(Table 1J. Actions that change channel structure,
hydrology, or sediment delivery essentially alter
the physical habitat that can be occupied by
anadromous salmonids. Environmental factors
change either the physical environment or water
chemistry, which either directly affect the
physiology of salmonids or indirectly influence
their food resources. Riparian forests influence
numerous processes such as flood routing,
sediment trapping, nutrient uptake, energy
inputs, wood, shade, stream temperature, and
root strength. Exogenous materials, including
dissolved chemicals, particulate material, and
exotic organisms, represent factors commonly
not part of the evolutionary history of the aquatic
ecosystems. Responses to these introduced
materials can be severe and can persist as long
as the material remains in the ecosystem.

Conversion of lowland forests, coastal tide
lands, floodplains, and headwater forests, as
well as alteration of water quality have affected
anadromous salmonids and aquatic ecosystems
throughout the Pacific Northwest. Much of the
habitat of lower main rivers is no longer in forest
lands but instead is in areas zoned for
agriculture, urban, and industrial development.
Many of these lands have been converted from
coniferous forests to grasslands, meadows,
deciduous forests, or paved surfaces. As a
consequence of settlement, many historical
lowland or floodplain forests have been
eliminated, and recent society has little memory
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of the conditions of those riparian forests and
the roles that they played. Riparian forests in
lower valley floodplains, particularly secondary
channels and off-channel ponds, were
particularly critical for the survival of rearing
salmon during winter floods and provided
cold-water refuges during warmer periods of the
year.

Assessment of habitat loss is limited to a few
case studies. Comparison of current conditions
of the upper Willamette River with maps
constructed by the cadastral land survey of the
1850s reveals extensive simplification. Sections
of the river, originally braided and containing
side channels and floodplain lakes, are now
single channels with little or no lateral
connections. Lowland streams and rivers have
been simplified and channelized so extensively
that it is rare to find reaches that resemble
natural channels and floodplain forests.

Land-use practices differ in their impacts and on
the portions of the landscape and river
drainages that are altered. Forested lands make
up 46% of the land cover of Washington,
Oregon, and Idaho, and the federal government
manages or supervises ~60% of the forest
lands. Rangelands account for 32% of the land
base, and croplands and pasture make up
another 20%. Only 2% of the Pacific Northwest
is represented by urban or developed lands.

Habitat Loss Associated with Forest
Management

Forest practices,e.g., timber harvest, yarding,
road building, alter many processes of
watersheds and aquatic ecosystems. These
interactions have been evaluated and
synthesized in several major symposia, reports,
and books. These works provide detailed
reviews of the effects of forest practices on
aquatic ecosystems; the following summary
highlights some of the major changes related to
habitat alteration in forest lands.

Historical Habitat Change

When commercial logging began in the mid-19th
century rivers served as the early routes for
transportation. Splash dams were constructed
to generate sufficient flows for moving the logs

down stream channels. During relatively low
flow conditions, a slurry of water and logs was
suddenly released, destroying riparian zones
and aquatic communities as it moved
downstream. Structurally complex habitats
within these streams were channelized and
cleared to facilitate transportation. Splash
damming and log drives from the 1870s through
the 1920s altered streams and rivers to such an
extent that they have not yet fully healed.

The history of logging on both public and private
lands in the Pacific Northwest left a legacy of
altered habitats that will require considerable
time for recovery, and the return to historical
conditions will probably never occur on a large
proportion of the forested landscape. Stream
surveys by federal agencies have shown that
habitat is in fair to poor condition (BLM 1991,
FEMAT 1993, Hessburg 1993, Thomas et al.
1993). The BLM estimated that 64% of the
riparian areas on their lands in Oregon and
Washington and 45% of their riparian areas in
Idaho did not meet the objectives of their
management policies (BLM 1991). FEMAT
(1993) concluded that "aquatic ecosystems in
the range of the northern spotted owl exhibit
signs of degradation and ecological stress....
Although several factors are responsible for
declines of anadromous fish populations, habitat
loss and modification are major determinants of
their current status.”

One of the few quantitative studies of habitat
change was based on a survey of pools in
Pacific Northwest streams, conducted by the
USFWS from 1934 to 1946. The Pacific
Northwest Research Station of the USFS and its
cooperators resurveyed the same streams 50
years later to determine changes in channel
conditions. Frequencies of very large pools in
658 km of stream in 13 basins in Washington
and Oregon decreased by an average of 58%.
On the basis of habitat surveys from 1934 to
1946, Mcintosh et al. (1994) concluded that the
frequency of large pools in watersheds with
forest management in eastern Oregon and
Washington declined by an average of 31%,
while pools in unmanaged basins increased by
200%. These changes have occurred since
1934, which followed more than 80 years of
extensive habitat alteration in all of the surveyed
basins. Loss of large-pool habitat has been
caused by various forest management-related
factors, including the removal of large wood and
large boulders, an increase in the amount of fine
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sediment (sand and gravel) deposited in pool
bottoms, and in some instances, by
channelization (FEMAT 1993).

A study of streams in old growth forests, forests
with moderate harvest (<50% harvested within
the last 40 years), and forests with intensive
harvest (>50% harvested within the last 40
years) in western Washington documented
significant changes in pool habitat and amounts
of large wood. Pool areas and depths were
significantly lower in streams in old-growth
forests than in harvested basins, and pools >1 m
in depth were almost eliminated in harvested
basins. A reduction in the abundance of large
pieces of wood was also related to logging.

Channel Structure

One of the most profound changes in habitat
related to forest practices is alteration of channel
structure. Channel structure can be affected
directly by sedimentation, mass failure, changes
in rooting and vegetative cover, and direct
channel modification by heavy equipment.
Channels can respond differently to physical
change depending on geology, climate,
sediment loading, vegetation, slope, and basin
position. Decreased heterogeneity of channel
units and loss of pool habitat are common
responses to forest practices in the Pacific
Northwest.

The 1970s marked the first well-documented
recognition of the role of wood in stream
ecosystems. Numerous studies have
demonstrated that clearcutting, often in
combination with stream clean-up, have
dramatically reduced the volumes and types of
wood in streams throughout the region.
Removal of mature trees along streams reduces
natural loading rates for centuries. Loss of wood
from channels directly influences the distribution
and abundance of fish populations and is one of
the longest lasting effects of forest harvest on
anadromous salmonids.

Floodplains are fundamental and often
overlooked components of stream channels and
alluvial valleys. Secondary channels provide
important refugia in moderate to high-gradient
streams during floods. Seasonally flooded
channels and riverine ponds support a major
component of the populations of coho salmon
and other fish species during winter months

(Peterson 1982, Peterson and Reid 1984, Brown
and Hartman 1988). Loss of floodplain habitats
in both montane and lowland riparian forests has
been one of the most pervasive and unregulated
forms of habitat loss in the Pacific Northwest
(NRC 1996).

Habitat Loss Associated with Agriculture
and Livestock Grazing

Agricultural lands (including croplands and
pastures) make up ~20% of the land base of the
region, and rangelands account for >30% of the
land. In combination, lands used for production
of crops or livestock account for ~50% of the
northwestern states. These lands are located in
the lower portions of the river basins where
stream gradients are low and valleys are formed
primarily by alluvial deposition. Agricultural and
rangelands usually contain more species of fish
than steeper headwater streams in forests and
often some of the more productive aquatic
habitat within the basin. These lands also
contain the mainstem reaches essential for the
migration of anadromous salmonids.

Land-use practices on agricultural and range
lands have greatly reduced the availability and
quality of salmonid habitat. Agricultural lands
generally occur in lowland valleys that
historically contained the majority of floodplains
and wetlands within the region. Most of these
aquatic  habitats were  eliminated by
channelization, draining, road building, and filling
operations prior to World War Il.  Fishery
biologists have no quantitative measures of the
degree to which the elimination of lowland
aquatic systems affected salmon, but recent
evidence indicates that these were some of the
most productive habitats within the landscape.
Studies of the effects of livestock grazing on
aquatic ecosystems and salmonids generally
have observed responses consistent with
studies of habitat relationships on forest lands.
Where riparian vegetation is heavily grazed and
channel structure is changed, populations of
some fish species decline, the balance of
species is altered, and stream flows are
negatively affected.
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Habitat Loss Associated with

Urbanization

Urban lands make up only 2% of the land base
of the Pacific Northwest. They, however, exert a
disproportionate  influence on  salmonid
production, because urban areas are frequently
located in important salmonid migration corridors
and wintering sites. In spite of their relatively
small area, >70% of the population of the region
lives in cities and towns (76%, 70%, 57%, 93%
for Washington, Oregon, Idaho, and California,
respectively [American Almanac: Statistical
Abstracts of the United States 1994]). The urban
sector primarily dictates regional resource
management, though constraints on land use
are borne almost entirely by the rural sector.
Increases in the proportion of the urban
population will only create greater conflicts
between interests of the general public, private
landowners, and natural resource agencies that
manage the majority of the land base.

Though total urban area may be small, cities
and towns are located at critical positions on
major rivers, tributary junctions, and estuaries.
The confluences of major rivers in the Pacific
Northwest, e.g. the Willamette and Columbia
rivers, Puget Sound, and its tributaries, are
centers of major regional metropolitan. Aquatic
habitats in urban areas are more highly altered
than in any other land-use type in the Pacific

Northwest, and the proportion of the streams
within the urban areas that are degraded is
greater than the proportion of highly altered
streams on agricultural, range, or forested lands.

Most urban areas are located on historical
wetlands, but drainage requirements for
residences and urban centers have eliminated
~90% of these productive aquatic habitats in
some drainage systems. Water quality and
habitat conditions in these critical migration
pathways within river networks potentially
restrict movement of salmonid smolts from their
natal streams, survival in winter rearing areas, or
return of adult salmon to the headwaters. In
addition, habitat degradation and direct effects
on invertebrate communities reduce food
supplies for fish assemblages. Loss of
wetlands, tidal sloughs, and estuaries in heavily
urbanized or industrialized river basins have
been extensive. In some areas of Puget Sound,
over 95% of estuarine and coastal wetland
habitats have been eliminated since the 19th
century. Though forest practices and, to a
lesser degree, agricultural practices have drawn
intense scrutiny resulting in more protective
land-use regulations, urbanization and industrial
development tend to cause the most extensive
alteration of aquatic ecosystems. Future
population increases in the Pacific Northwest will
expand the spatial extent of this source of
habitat loss.
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Aquatic Habitat Indicators

SECTION 4
A Landscape context for habitat indicators

4. A LANDSCAPE CONTEXT FOR HABITAT INDICATORS

Temporal and Spatial Scales

Pacific Northwest stream communities respond
to environmental variability in different ways at
different scales of time and space. Gaining an
understanding of these biological and physical
habitat-shaping processes is, therefore, a matter
of understanding temporal and spatial scale.
Assessments conducted at one scale cannot
reliably evaluate the effects of processes that
are most important at other scales, and may in
fact produce misleading results (Wiens 1981).
Spatial scales for habitat studies are often
dictated more by resource constraints than by
sound study design. Results from studies at a
few local plots in various habitats that are then
generalized to the broader realm can lead to the
application of a correct insight to the wrong
situation (Wiens 1981, Conquest and Ralph
1998) A solution to this potential confusion is to
understand how the physical processes that
produce the patterns in populations and habitats
vary as a function of scale. Recent advances in
the physical sciences help considerably in
providing the perspective tools to aid our
understanding of patterns and processes
operating at the landscape and watershed scale.

Hierarchical Context

Variability in Pacific Northwest freshwater and
estuarine ecosystems mirrors interactions of
processes that operate at multiple scales.
Recognizing the existence and importance of
these scales and sorting out their interactions
helps make sense of this variability. Hierarchy
theory advances the idea that ecosystem
processes and functions operating at different
scales form a nested interdependent system
where one level influences other levels above
and below it. Understanding one level in a
system is greatly informed by those levels
immediately above and below it, but much less

so by those levels a long way from it (Greenland
1998). In reality, there is a continual shifting of
aquatic habitat conditions (over space and time)
that reflects the fact that controlling processes
are highly variable across the landscape. The
rate, pattern, duration and magnitude of
changes to these controlling processes are
occasionally reset by high impact events (pulse
disturbances), which helps explain why we see
opposing areas of habitat abundance and
scarcity (Greenland 1998). These features are
expected as part of the natural character of
watersheds. Press disturbances (more frequent,
less dispersed or chronic occurrences) are more
often associated with human activities and also
drive the quality and quantity of aquatic habitats,
although often at smaller scales. Salmon and
trout populations native to the Pacific Northwest
streams have adapted over the millennia to
these variable conditions and, until recently,
have been able to maintain large, diverse and
distinct runs within the larger populations of the
various species. The cumulative effects of
watershed processes accelerated by human
activities can impose persistent, widespread
declines in habitat quality throughout the historic
range of salmon and trout.

Control Factors and Scale

How can these fundamental principles be used
to stratify assessment information and to help
distinguish between landscape scale factors
(ultimate controls) and local scale factors
(proximate controls) that affect  the
characteristics of watersheds and streams?
What are the principle factors that could be used
to stratify our focus? How can we use these
principles as we try to identify and apply a suite
of appropriate variables (factors, parameters)
that reflect meaningful habitat changes and
relate to processes affected by human
activities?
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Ultimate controls, such as climate, geology
(landform) and vegetation (land cover), refer to
factors that operate over large areas, are stable
over long time periods (hundreds to thousands
of years), and act to shape the overall character
and attainable conditions within drainage
networks. Proximate controls are a function of
ultimate factors and refer to local conditions of
geology, landform and biotic processes
operating over smaller areas (e.g. reach scales)

and over shorter time spans (decades to years).
These factors include such physical processes
as precipitation patterns, discharge,
temperature, localized hill-slope erosion and
mass slope failures, channel migration,
sediment input and routing, and associated
biological processes. All of these proximate
factors are influenced as well by an equally
diverse mix of human activities (Naiman et al.

1992, Figure 3].

Long
Ultimate
Climate
Geology
‘ Vegetation
Time Mass Wasting
Sediment Input / Routing
\
Organic Debris
Competition
Predation
Proximate
Short
Spatial
Small Large
Scale g

Figure 3. The role of ultimate vs. proximate factors in determining watershed and stream

characteristics (Naiman et al. 1992).

Classification Systems

Objectives of Classification

The term “classification” suggests that sets of
characteristics and observations can be
organized into meaningful groups based on
measures of similarity or difference. Experience
suggests that each stream type possesses a set
of inherent and presumably predictable
attributes (e.g. channel pattern, dimensions and
profile, bio-geo-chemical signature, resistance
and response to change, and biotic productivity),
which reflect the expressions of local climate,
geology, landform and disturbance regimes.

Basin characteristics (size, climate, geology)
help define flow (water and sediment)
characteristics which in turn help shape channel
characteristics within some broadly predictable
ranges (Rosgen 1996, Orsborn 1990).

Understanding these inherent relationships is
the key to identifying the appropriate factors for
the assessment of the status and trends of
aquatic systems, including the communities of
organisms they support. Understanding how
various geologic and climatic processes interact
within a watershed gives a more thorough
picture of the natural conditions (actual and
potential) as well as of the direction and
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magnitude of possible changes triggered by
natural or human disturbances.

Early efforts were made to develop a more
systematic approach for understanding the
natural variability found in stream channels, their
riparian zones, and floodplains. These systems
tried to identify those common characteristics
which when compared among streams allowed
for some assessment of relative stream “health”
(Naiman et al. 1992). These efforts have lead to
an evolving legacy of stream channel
classification systems, most of which are based
on the assumption that patterns in channel
morphology can be used to simplify the wide
array of stream conditions encountered. Many
of the systems developed were driven by the
desire to associate key habitat types with certain
fish life stages. Much effort has been expended
on data collection and comparison in an attempt
to find commonalties and patterns across the
broad range of stream types and sometimes
without the benefit of a logical basis to limit the
confusion of inherent differences. Organization
of stream types is possible, once it is recognized
that the stream is a product of the landscape
and that landscapes sharing common climatic
and geologic features likely produce streams of
a similar character. A common geo-climatic
setting will impart certain common
characteristics of instream habitat features. This
setting does not, however, explain the range
within certain stream characteristics, particularly
those often associated with what we interpret as
“biotic health”. Factors which operate at a more
local level also influence the habitat features and
ultimately the biotic health of the system.

One view of aquatic classification is to nest
stream and watersheds within a broader
landscape scale wusing the concept of
ecoregions, an area with relative homogeneity in
the characteristics and components that
constitute an ecosystem (Omernik and Bailey
1997). At the ecoregion scale, ranges of
expected values for habitat quality indicators can
be developed empirically from data representing
reference conditions. The reference conditions
should allow us to understand better the range
in expression of several variables and - by
inference - reflect the actual potential stream
habitats within a particular basin context.

As discussed previously, we recognize that this
approach has several immediate limitations.

First, there is little agreement currently on what
constitutes reference areas to cover the
ecoregions identified at the Level 1l scale.
Identification and use of reference areas is an
ongoing effort at the state and regional level.
Secondly, the currently available databases
generally are not sufficiently robust to provide
statistically reliable values. Third, there are
some ecoregions or regional areas, such as
grass/shrub lands, where land management has
been so pervasive as to eliminate entirely the
potential for reference conditions. Regardless of
these current limitations, we believe it is useful
to outline an approach and then initiate the
search for appropriate data sets or encourage
the collection of appropriate data. In the interim,
we will need to depend on the published data
sets available and use them with appropriate
caution.

Derivation of Habitat Indicator
Variables and Stream Classification

The challenge of selecting appropriate habitat
indicators is one of determining from what level
on this continuum of controlling factors should
habitat variables be derived. Variables drawn
from processes associated with ultimate controls
lack the resolution to allow for meaningful
comparison of stream habitat over time and
space. Variables associated with proximate
controls vary enough in space and time to allow
tracking of changes in habitat quality, but the
dynamic nature of these processes does not
allow for meaningful comparisons between
streams and within the same stream over time.
To assure comparable stream conditions, the
framework of ultimate controls must be
incorporated into the analysis when data
comparisons are made.

In order to factor in the wide range of processes
inherent in both ultimate and proximate controls,
ecologists, hydrologists and geographers have
developed a number of classification systems (
. These systems can be placed on a
scale ranging from micro-habitat features, such
as individual pools, to regional features, such as
geologic provinces. A defensible classification
system will incorporate the entire spectrum of
processes influencing stream features and
recognize the tiered/nested nature of landscape
and aquatic features.
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Table 2. Summary of contemporary spatial scale classifications.

Classification Spatial Scales Addressed by the Classification System
System
Ecoregion | River Basin Watershed | Sub-watershed | Valley Segment | Stream Reach | Habitat Unit
Bisson et al. 1982 X
Frissell et al. 1986 X X X X X
Maxwell et al 1995 X X X X X X
Montgomery & X X X
Buffington 1997
Omernik & Bailey X X X
1997
Paustian 1992 X X X
Rosgen 1996 X X X X
Seaber et al. 1987 X X X

Aquatic/Landscape Classification
Systems

Frissell et al. (1986) were among the first to
describe a spatially-nested hierarchical system
for channel classification consisting of stream
system, segment system, reach system, pool-
riffle system, and microhabitat systems. This
approach emphasizes the watershed-dependent
nature of river systems and the importance of
physical habitat in controlling biotic organization
within a regional bio-geo-climatic framework.
Watershed characteristics reflect the geologic
and climatic history of the drainage basin.
Stream system places the entire drainage
network in a watershed context. Segment
systems are portions of streams bounded by
such major discontinuities as tributaries or
changes in underlying bedrock. Within
segments, reach systems are defined by breaks
in characteristics such as channel slope, bank
material, floodplain characteristics, substrate
character, and riparian canopy cover. Pool-riffle
systems are characterized by breaks in bed
topography and water surface slope, depth, and
velocity pattern.  Micro-habitat systems are
components of pool-riffle systems similar in such
morphologic features as substrate type, water
depth and velocity (see also Bisson et al. 1987,
Hawkins et al. 1993).

Frissell's original nested hierarchy scheme has
been expanded to include forces which operate
on a more regional basis (ultimate controls) than
individual stream systems. Each ecoregion is in
turn potentially subdivided into river basins and
watersheds. However, it should be recognized
that hydrologic boundaries do not neatly fit
within the boundaries drawn around similar

terrestrial landscapes. Figure 4 is an illustration
of a simple hierarchical system that shows
watersheds nested within the ecoregion setting.
Various other hierarchical schemes are possible
and appropriate depending on the purpose for
the hierarchical framework.

The geomorphic stream classification system
(Rosgen 1986) classifies stream channel
systems at the broad scale by their pattern,
profile and channel dimensions. At the stream
reach level, it has been useful in evaluating
suitability of proposed fish habitat structures,
livestock grazing systems, and stream
restoration  projects. Montgomery  and
Buffington (1993) describe a process-based
classification system to delineate streams as
sediment source, transport, and response
(deposition). In Alaska a functional system was
developed for use on the Tongas National
Forest (Paustin et al. 1992), which has been
widely accepted and is being used to define
appropriate forestland management approaches
and the overall design of the aquatic monitoring
program. The hierarchical framework of aquatic
ecological units described by Maxwell et al.
(1995) is a comprehensive system that
integrates surface water systems, geoclimatic
settings, and ground water systems and spans
the spatial hierarchy from ecoregion to river
reach scale. The highest recognized level in the
landscape hierarchy is a broad physiographic
area termed ‘ecoregion’.

A Hierarchical Approach for Habitat

Indicators

The illustration in Figure 4|shows a hierarchical
system that integrates the ultimate controls that
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operate at the landscape scale (ecoregions) with
the proximate controls that operate at the stream
channel and stream reach level. Other
intermediate levels in the hierarchical system
integrate these factors at different geographic
scales. We have eliminated the segment level,
since this hierarchical level is somewhat
arbitrary and not used consistently.

The hierarchical system offers a number of
advantages, including:

1. classification at higher levels narrows the set
of variables needed at lower levels;

2. it allows for integration of data from diverse
sources and of different levels of resolution;

3. it allows the scientist or manager to select
the level of resolution most appropriate for
their objectives;

4. and, it allows the distinction between

inherent differences and those associated
with the imprint of human activities, thus
aiding in the interpretation of observations.

Ecoregions

Geology and climate are ultimately responsible
for setting the stage on which factors that
operate at more local scales and shorter time
frames act to shape channel conditions. For
habitat variables, it is, therefore, appropriate to
select a top tier, the ecoregion, that is stratified
primarily on these factors. The ecoregion
delineation not only provides a framework for a
landscape hierarchical scheme (Omernik 1995),
but ecoregions have also been used as the
initial basis for classifying streams (Whittier et al.
1988); the authors use geology, vegetation and
climate as the basis for their initial stream
stratification. Ecoregions are further delineated
based on soils, land use, wildlife, and hydrology.

Ecoregions have been used successfully to
stratify the landscape for description of aquatic
biological communities. Fish assemblage
patterns corresponded well to ecoregions in
three statewide assessments (Hughes et al.
1990). Ecoregions have been recognized as the
initial stratification level for some statewide
monitoring and  bioassessment programs
(Hughes et. al. 1994, Hughes 1995).

Ecoregion

k.

River Basin
Subbasin
Watershed

|

Steram System

b

Stream Segment

b

Stream Reach

|55

Channel Unit

Figure 4. Hierarchical scheme

of landscape and stream network.

River Systems, Watershed, Sub-
watershed

These levels have been grouped together here
for the purpose of common discussion. They all
display clear hydrographic boundaries with

increasing  similarities in  geologic and
topographic features as one moves downscale
within the hierarchical framework.
Distinguishing features include relative basin
area and position in the drainage network.
These levels correspond to the fourth and fifth
“field” of the Hydrologic Unit Code system
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(Seaber et al. 1987) commonly used by many
state and federal agencies. Basins within a
given “field” vary in size by an order of
magnitude (e.g., 5™ field HUC can be 10 km.
sqg. — 100 km. sg. in area), so simple
comparisons of one 5" field watershed to
another should be done with caution.
Stratification based on lithology and topography
would seem to offer greater opportunity to
compare similar basins.

Stream System

The stream system incorporates features of the
lowest level of the hierarchical system, i.e. those
features which directly define biotic health.
Assessment at the stream system level is
usually necessary to address cumulative effects
(Frissel et al. 1986) but requires information of
sufficient rigor and resolution to be useful.
Stream systems are of similar geologic structure
within any given area and operate on a time
scale of tens to hundreds of years, responding
to major geologic events and trends. Channel
features such as pattern are usually similar
within any given stream system, while features
such as slope may display a predictable pattern
or range.

Stream Reach

Stream reach is probably the most critical level
of the hierarchy with respect to habitat variables.
This is due to the fact that the stream reach
exists at the crossroads where both ultimate
controls and, for the first time in the hierarchy,
proximate controls are evident. For example,
geology and landform dictate stream gradient,
but the influence of organic debris can influence
the character of a defining habitat component
such as plunge pools. As such, the features that
delineate the stream reach are critical variables
when defining and comparing habitat quality.

The stream reach is the level most commonly
associated with assessment of biologic integrity.
This level also displays the influence of the
major “inputs” to the stream of water, sediment,
and wood. It is, perhaps, the least physically
discrete unit in the hierarchy and has been the
subject of the most confusion with respect to
terminology. Common geomorphic parameters,
such as channel pattern, profile, entrenchment,
stream and valley width, channel materials, and

vegetation, define stream reach (Maxwell et al.
1995). Reaches operate on a scale of tens to
hundreds of years, and stream reach is the
highest level in the scheme which can display
the influence of stream biota (i.e. wood formed
pools).

Channel Unit

Channel units represent specific habitat units
(pools, riffles, and glides) and can be quite
uniform with respect to their morphologic and
hydraulic condition. Channel units are assessed
in the context of their stream reach and are often
used as a diagnostic tool for assessing apparent
status and trends in the overall quality of aquatic
habitat. They are less useful in determining
cause and effect relationships, since they often
are the cumulative outcome of events that
happened upstream even years before. For
example, pool filling by gravel wedges could
result from slope failures decades before.
Channel units operate on very short time scales
of years and respond readily to natural and
human caused changes associated with
sediment and discharge input processes.

Stratification at the Stream Reach

Level

Ideally, aquatic indicator variables are those
which  are  most biologically relevant,
guantitative, and repeatable. The variables
must reflect the various inputs (water, sediment,
and wood) that influence all levels of the aquatic
hierarchical scheme. The stream reach and
stream segment levels appear to be most logical
level to derive suitable indicator variables
(Frissel et al. 1986, Rosgen 1996, Montgomery
and Buffington 1993). The level below stream
reach, the channel unit, inherently displays
significant variability over short periods of time
and space, which limits its potential utility in
organizing habitat variables. The stream reach
scale integrates (smoothes out) the variability
inherent at the finer scale and provides a
grouping level of the stream that can be used for
comparison of stream reaches over time or
between stream reaches.

The common set of defining features for stream
classification systems at the Stream Reach
scale are channel gradient and confinement

27



Aquatic Habitat Indicators

SECTION 4
A Landscape context for habitat indicators

(Rosgen 1996, Montgomery and Buffington
1993). The third variable, which commonly
defines a stream reach, is some measure of
stream power such as bankfull width. Bankfull
width, along with the associated discharge
regime, serves as a consistent morphological
index that relates to channel formation and
maintenance. The Channel Type Users Guide
for southeast Alaska (Paustian et al. 1992) is
channel classification system that uses all three
criteria (bankfull  width  gradient, and
confinement) along with incision depth as the
principal criteria to define stream reach.

Stream Gradient

Stream gradient is the change in water surface
elevation over a given distance expressed as a
percentage. Gradient is directly related to both
bed-material load and grain size and is inversely
related to discharge (Schumm 1977). In

practice, gradient is usually first determined
approximated from topographic maps and then
field verified with reliable techniques. Error in
either technique is greatest in low gradient
(<3%) channels. Longitudinal profiles using
engineer survey equipment is the most accurate
means of determining channel gradient.

Gradient classes are useful in grouping streams
with a similar response to flow and sediment
inputs. The following gradient classes illustrate
some grouping of channels but are sensitive to
lower gradient streams (see Montgomery &
Buffington 1993, Rosgen 1996). Twenty percent
is selected as the upper level due to the
dominance of terrestrial, rather than fluvial,
processes that define the morphologic
characteristics of these steep channels.

Figure 5. Gradient classes for channel grouping.

Stream Confinement

Determination of stream confinement is the
subject of considerable confusion. This is
unfortunate, since the ability of a stream to move
laterally is always of prime concern to land
managers and biologists. Most definitions of
stream confinement refer to the ratio of the
active channel (i.e. the bankfull width) to the
valley bottom or floodplain width (Ralph et al.
1992, Moore et al. 1993, and Rosgen 1996).

Much of the confusion relates to interpretation of
valley bottom or floodplain width. Some
classification systems utilize the width of some
defined event such as the 100 year flood, while
others employ total valley width regardless of
whether the valley floor is a historic remnant
isolated from the current day channel.

An appropriate definition identifies confinement
as the ratio of the bankfull width to the width of

the modern floodplain. The modern floodplain
may be synonymous with the 100 vyear
floodplain ~ or channel migration zone.
Determination of bankfull width requires some
careful observation and field calibration with
known flow — stage information.

Commonly used confinement classes include:

* U-unconstrained: Floodplain width > 4 times
bankfull width.

e M-moderately constrained: Floodplain width
2 — 4 times bankfull width.

* C-constrained: Floodplain width < 2 times
bankfull width.

Bankfull Width

Bankfull width is used as a surrogate for bankfull
discharge. Bankfull discharge can be described
as that flow (Q) volume which transports the
largest portion of the annual sediment load,
including bedload, over a period of years
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(Wolman and Miller 1960). It is that flow which
mobilizes the majority of the bed material as well
as developing and maintaining the form of the
channel (Olsen et al. 1997). It is a critical
discharge, as channel forming forces do not
increase proportionately at flows greater than
bankfull due to over-bank dissipation of energy.
Bankfull flows generally correspond to the 1.5 to
2 year recurrence flow event (Bray 1982).
Measurement of bankfull width is a repeatable
variable but often difficult to identify in non-
entrenched channels.

Summary

Landscape scale factors (ultimate controls) and
local scale factors (proximate controls) influence
the expression of stream habitats. The
landscape scale factors, such as climate,
geology, and vegetation operate over large
areas, are stable over long time periods
(hundreds to thousands of years) and act to
shape the overall character and attainable
conditions within drainage networks. Local
scale factors are a function of ultimate factors
and refer to local conditions of geology, landform
and biotic processes that operate over smaller
areas (e.g. reach scales) and over shorter time
spans (decades to years). A hierarchical
classification system that integrates both
landscape scale factors and local scale factors
provides the organizational framework
necessary to address the spatial variability
inherent in aquatic habitats.

Ecoregions provide a first-tier of organization
which are stratified on the basis of ultimate
factors - climate, geology, and vegetation. At
the ecoregion scale, the ranges of expected
values for habitat quality indicators can be
developed empirically from data representing
reference conditions. The reference conditions
allow us to better understand the range of
values that reflect the actual potential stream
habitats within a particular basin context.

The hierarchical stream system, tiered within
ecoregions, provides a way to organize the local
scale factors which influence the stream
condition.  The stream reach and stream
segment levels of the stream network are the
most logical level from which to derive suitable
indicator variables. The level below stream
reach, the channel unit, inherently displays
significant variability over short periods of time

and space, which limits its potential utility in
organizing habitat variables. The stream reach
scale integrates (smoothes out) the variability
inherent at the finer scale and provides a
grouping level of the stream that can be used for
the comparison of a stream reaches over time or
between stream reaches.

The common set of defining features for stream
classification systems at the Stream Reach
scale are channel gradient, channel
confinement, and bankfull width. Bankfull width,
along with the associated discharge regime,
serves as a consistent morphological index that
relates to channel formation and maintenance.
Bankfull width provides a measure of stream
power. Drainage basin area is a closely related
hydrologic variable that has proven to be useful
in explaining the variability in geomorphic
channel characteristics and habitat variables.

Ecoregions and stream classification systems
provide a framework for organizing habitat
components, habitat variables, and narrative as
well as numerical indicators. The Level Il
Ecoregions may provide a sufficient first iteration
for categorizing watersheds in order to evaluate
potential reference conditions for many habitat
variables.  Further sub-division of Ecoregion
organization may be useful in providing a more
homogeneous organization of watersheds but
may also be a daunting task given the limited
amount of data on reference condition. A
meaningful organization of stream networks
ultimately depends on the identification of
geomorphically  similar  stream  reaches.
Fundamental factors in organizing stream
reaches are stream gradient, confinement, and
stream power (bankfull width or basin area).
Classification systems that incorporate these
factors should be useful in developing a spatial
framework for habitat indicators.
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5. AN APPROACH TO HABITAT QUALITY INDICATORS

A framework for developing habitat quality
indicators will address the challenges that we
summarized above, namely accounting for
natural variability, legacy effects of past land
uses and natural disturbance patterns,
improving measurement  methods, and
addressing the lack of habitat data from
undisturbed areas to serve as reference
conditions. A fundamental issue relates to how
the indicator is used within the context of the
water quality management program. Different
approaches to the application of indicators in
environmental and natural resource programs
have been discussed in the literature and
provide a useful context for thinking about
approaches to the use of aquatic habitat
indicators.

Types of Indicators

Cairns et al. (1993) proposed organizing
indicators into three general types: compliance
indicators, diagnostic indicators, and early
warning indicators. Compliance indicators are
those chosen to judge the attainment and
maintenance of ecosystem objectives.
Traditional water quality criteria generally fit
within this category. Criteria for toxic chemicals
or heavy metals, for example, are established at
some threshold of effect intended to protect the
aquatic biota. In many cases, the most useful
parameters in judging compliance with a
specified objective are not the best for
determining why objectives are not being met.
Diagnostic indicators are those parameters and
processes that provide insight into the cause of
noncompliance. Early warning indicators are
those that assist in maintaining the desired
condition by detecting impending deterioration
before substantial impact occurs. Water
temperature serves as an example of a
compliance indicator, while shade and overhead
canopy can be considered to be diagnostic

indicators. Early warning indicators for
temperature are land management measures
such as the percentage of timber harvest in the
riparian zone or number of road miles adjacent
to the channel.

Closely related to early warning indicators is the
concept of leading edge variables. Leading
edge variables refer to an approach of
watershed management that detects problems
with ecological processes before they result in
irretrievable damage. Conceptually, one should
be able to detect changes to the hydrologic
regime or sediment regime at the watershed
scale before the cumulative effects of upslope
activities reach a damaging condition for
instream resources. An example of leading
edge indicators is the hydrologic analyses of
anticipated change in peak flows due to
clearcutting and the extension of road networks
in forested areas or due to the increase in
impervious surfaces in urban areas. Leading
edge variables are an important concept to
assist in preventing damage to streams at the
watershed to river basin scale. However, these
concepts are at an early stage of development,
and there is no general understanding of what
they are or how they might be applied.

No single set of variables fulfills all of the
objectives for the different types of indicators.
Aquatic habitat indicators likely best fit the
description of diagnostic indicators. Aquatic
habitat measures do not function as early
warning indicators, since they are measured in-
stream after the land management activity has
occurred and integrate the effect of both natural
disturbances and impacts due to the legacy of
management actions over time (i.e. cumulative
effects). Potential early warning indicators of
habitat damage are measured upslope of the
stream channel or upstream as cumulative
inputs. Effective early warning indicators will
address the management activities in the
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watershed such as road density, riparian
condition related to shade and large wood
recruitment, or sediment sources.

Aquatic habitat variables can be used to assess
the quality of the habitat in meeting the needs of
beneficial uses. However, because of the high
variability in habitat measurement and the lack
of a ready connection to source assessment, it
appears that habitat variables are best used as
diagnostic indicators rather than as compliance
measures. The habitat measurement should be
used to detect when the environmental condition
is outside the expected range supportive of the
beneficial use. The reason for such deviation
should then be further evaluated by investigating
the historical, current, and potentially natural
causes of low habitat integrity. A complete
monitoring and management program which is
effective in protecting beneficial uses will need
to address the entire management system from
evaluation of on-slope activities to the evaluation
of watershed and instream processes and
functions. Habitat indicators by themselves can
only be expected to fulfill one facet of the role of
environmental indicators.

Input vs. Output Approaches to

Ecosystem Management

Related to the functional types of indicators is
the conceptual model for resource management
used to approach problem definition and
resolution. The current water quality model for
landscape scale management relies primarily on
the output-oriented strategy (Montgomery 1995).
Output management responds to ecosystem
conditions and defines limits to acceptable
resource damage. This style of management is
considered reactive rather than preventative,
since land use activities are modified only after
degradation has occurred to levels beyond
which  further degradation is considered
unacceptable. Input management implies a
preventative approach based on modifying land
use practice to reduce or preclude adverse
environmental impacts. The shift in emphasis
under the input-oriented approach is toward
changing management upslope of the problem
before it occurs.

The nonpoint source management program
within the CWA can accommodate both the
input and output-oriented strategies. Traditional

nonpoint source programs have emphasized the
reactive mode by developing and implementing
a system of BMP’s after significant cumulative
damage has occurred. This is in part a function
of the lag effect between the legacy of land
management activities and the passage of
environmental laws. This has also led to some
extent to the current backlog of streams listed as
303(d) waters and the need to focus state and
federal agency resources on reducing pollutant
input to these water bodies through
development of TMDL's.

Using Indicators in ESA Review

The NMFS and USFWS use indicators to
evaluate the effect of land management
activities for conferencing, consultations, and
permits under the ESA. Since the purpose is to
evaluate the effects of proposed actions on
listed species, the decision documents ( NMFS
1996, USFWS 1998) address the pathways and
indicators of management effects. The
pathways include water quality, habitat access,
habitat elements, channel condition and
dynamics, hydrology, and watershed effects.
These pathways and their associated indicators,
therefore, address the watershed process and
input variables (e.g. road density and
disturbance history) as well as outcome
variables (e.g. substrate quality, LWD frequency,
and W:D ratio). The indicators in the matrix
represent a mix of diagnostic, early warning
indicators, and outcome variables appropriate to
the purpose of the document. These purposes
have corollaries in the CWA, but there are also
differences due to the different regulatory
framework between the two laws. ESA requires
the federal regulatory agencies to address
habitat protection for endangered species from a
very conservative approach. This influences the
interpretation of the literature and the selection
of default numerical targets.

Suggested Approach for Habitat
Quality Indicators under the CWA

The purpose and organizational framework for
habitat indicators may differ in a subtle, but
important, manner from their use under the ESA.
We have identified two purposes for habitat
indicators within the CWA. One objective is to
assess the status and condition of the habitat
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which supports the beneficial use. The second
is to evaluate the adequacy of BMP’s within the
framework of the nonpoint source feedback
loop. Because physical habitat features are
indeed outcome variables, they function best as
an index of the habitat’s ability to support the
beneficial use and less efficiently as a way to
judge the adequacy of the management
practices.

Habitat features (as outcome variables) reflect
the cumulative effect of all the influences
upstream of the assessment reach and,
therefore, act as an integrator of the cumulative
and interactive effects of upstream processes;
these effects can be both attributed to natural
sources and management actions, both past
and present. The ability to detect the “signal” of
management effects within the context of natural
disturbance and legacy effects depends on the
site-specific conditions and the efficiency of the
study design. For this reason, nonpoint source
monitoring programs have always recognized
(but not fully actualized) the need for
implementation and effectiveness monitoring
which incorporates the assessment of input
variables.

There are two CWA programs where an
emphasis on the habitat condition as an
outcome variable is clearly needed. One is the
establishment of water quality criteria which
provides the environmental endpoint desired or
expected. The second, and closely related,
program is to establish targets for stream
segments for TMDL's.

We suggest that the strategy for the use of
habitat indicators for CWA purposes should
incorporate the following elements:

* An emphasis on the use of habitat variables
as diagnostic indicators rather than as
compliance criteria.

e Establishing indicators within a spatial
framework that accounts for variability in
landscape patterns and channel type to
specify numerical criteria.

* An emphasis on the quantitative
measurement of aquatic habitat indicators to
achieve needed precision and repeatability.

* An interagency recognition of the need to
identify reference conditions within the
ecoregion framework.

* Recognition that, as we learn more,
adjustments should be made to the suite of
indicators themselves, and the interpretation
of what they tell us about the aquatic
resources.

The diversity of landscapes and the high natural
variability of habitat characteristics preclude the
ability to readily identify numerical habitat criteria
at regional scales. Habitat indicators must
reflect the diversity in habitat quality across the
landscape; hence, the need for landscape and
stream stratification systems. Within a stream
type, the indicator needs to reflect the variability
that occurs under a natural setting. The
indicator needs to be measured in a reliable and
repeatable manner that expresses both the
central tendency and the spread of the data.

Habitat indicators are best used within the
framework of the nonpoint source feedback loop
(see Introduction section) as diagnostic tools of
water resource integrity rather than as
compliance endpoints. Habitat quality integrates
cumulative effects in the watershed from both
natural disturbance and from cultural activities.
The interpretation of habitat quality for a given
stream reach requires consideration of a number
of potential sources and watershed processes.
Some example scenarios for evaluating the
outcome of habitat quality studies are listed
below.

Scenarios for Interpretation of

Diagnostic Indicators

Three possible situations are briefly presented
below to illustrate common problems and
remedies. It is important to stress that knowing
what indicators are appropriate depends upon
careful assessment and an understanding of
what drives the expression of factors important
to aquatic habitats. Typically a suite of
parameter or factors will contribute relevant
information to understanding the nature and
significance of the problem that limits the habitat
capacity rather than a single indicator.

1) The indicators are applied correctly, but the
expected value for a given parameter is
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inappropriate at the scale of watershed
organization or for the stream classes under
consideration. In this case, the land
manager or water quality agency can
conduct a  watershed/basin  specific
evaluation and suggest more appropriate
watershed  values. Quality  control
procedures including scientific peer review
would need to be in place to assure the
acceptance of the revised indicator value.

2) Anthropogenic impacts, either historic or
ongoing, have altered the watershed
processes. In this case, the landowner
needs to evaluate alternative practices
including passive and active means of
restoration (See Kaufmann et al. 1997).

3) Natural disturbance events have recently
altered the stream condition. In this case,
human activities should be evaluated with
respect to their contribution to the effect of
the event as well as the stress that will be
placed on the resource in the future.

Assessment Scale

Another important consideration is the scale at
which the evaluation is made. Stream habitat
variables are measured at the habitat unit scale
— that is, at the scale of pool, riffle, and glides.
However, the appropriate scale for evaluating
changes to habitat is likely at the next unit of
organization, namely at the reach scale. The
reach scale describes a uniform section of
stream with respect to channel morphology
(gradient, confinement, width and depth).

Variability in habitat measures is expected to
decrease as one moves upward in scale, i.e.
from individual habitat units toward groups of
habitat units aggregated at the reach scale.
Individual channel habitats can be highly
variable in comparison to the expected range of
condition, but the spread of the data around the
mean or median should decrease as the
channel habitat units are aggregated.
Evaluating information by geomorphically similar
reaches facilitates comparison between
managed and unmanaged or reference reaches.
Within a watershed context, habitat indicators
can be used to identify stream reaches or sub-
watersheds outside the expected range. These
areas should then be investigated further for
causal linkages to watershed activities.

Narrative and Numeric Criteria

Water quality standards provide for specification
of narrative and numeric criteria.  Numeric
criteria are generally specified when the
guantitative relationship between the pollutant
and the beneficial use are well established in the
scientific literature and the criteria are applicable
across large geographic areas such as at a
state, ecoregion, or river basin scale.
Environmental endpoints for water quality
criteria are specified no further than the narrative
stage when the pollutant-beneficial use
relationship is highly variable across the
landscape as well as dependant on site-specific
factors and, therefore, requires local scale
adjustment before numeric targets can be
established. Narrative criteria could be used to
describe the process for developing the numeric
criteria at the local scale.

The NMFS/USFWS matrix uses the terminology
of pathway to identify the process by which a
management action can have an impact on
aquatic biota. Where feasible default numerical
criteria are specified that indicate the proper
functioning of this pathway. The specification of
the pathway is a corollary to the concept of
narrative criteria within the CWA. The use of
default numeric criteria in the matrix is a
corollary to numeric criteria established at the
national or statewide level under the CWA. Both
approaches provide for a process that identifies
site-specific numeric criteria more applicable at
a local scale. The fact that this option is rarely
exercised is an area of contention between the
regulatory and regulated community.

The following sections of this document expand
on the suggested approach. In Section 5, we
evaluate the existing recommendations of
habitat variables as useable for aquatic habitat
indicators within the context of CWA water
quality programs. Section 6 describes the
landscape and stream network considerations
for establishing habitat variables. Section 7
describes the context for assessment and
monitoring of habitat variables.  Section 8
discusses application of habitat indicators to
CWA programs.
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INDICATORS

6. EVALUATION OF POTENTIAL AQUATIC HABITAT

Indicators in Relation to Clean Water

Act Objectives

Habitat variables have been developed to meet
various purposes including assessment of
fisheries production, determining limiting factors,
identifying the effects of land management, and
evaluating habitat improvement activities. Two
major interrelated objectives for habitat
assessment are evident in CWA programs. The
first objective is to determine whether
designated beneficial uses are attainable and
assess the current status of the beneficial uses
in a waterbody. The second objective is to
evaluate the effect of pollutant sources on a
beneficial use and assess the need for change
in pollution controls for point sources or change
in management practices for nonpoint source
activities. Meeting these two major monitoring
themes will dictate the different criteria for the
selection of habitat indicators.

The first objective, assessing the status of the
beneficial use, identifies the indicator as having
an intrinsic importance itself; the indicator is the
environmental endpoint. Macroinvertebrate and
fish communities are measured directly to
assess the status of beneficial uses identified in
the water quality standards. A criticism of using
aguatic biota as a monitoring indicator is the
same one raised in the discussion of habitat
measures. The variability in the biotic
community can be so high that its direct practical
use as an indicator in detecting response to
environmental stress is low. With certain types
of stressors, the reality is that by the time an
effect shows up it is too late for effective
management or mitigation (Kelly and Harwell
1990).

The second objective encompasses a major
emphasis of water quality programs in providing
feedback to regulatory and management

programs. In  nonpoint source programs,
monitoring is categorized under implementation
and effectiveness objectives. Implementation
monitoring addresses whether the BMP’s were
installed according to plans or regulations, while
effectiveness monitoring is more comprehensive
in attempting to determine if the management
practices were effective in protecting the
beneficial uses (MacDonald et al. 1991). A
desirable characteristic of an early warning
indicator is rapid responses to the environmental
stress. A related trait is that the indicator has a
high fidelity in characterizing an effect from
disturbance.  Strong evidence of a causal
relationship between the stressor and a relevant
response to the beneficial use is required.

To accomplish either objective in the CWA,
habitat indicators need to meet certain
expectations for measurement reliability.
Expectations of high quality assurance and
quality control should be similar to those
described for other physical and chemical
variables. Signal-to-noise ratio is a particularly
important consideration for indicators in a highly
variable environment.  The sensitivity and,
therefore, the utility of the indicator is dependent
on detecting the signal of human effects from
the background noise in the measurement
system. Kelly and Harwell (1990) provide a
thorough review of these characteristics of
environmental indicators. The following four
criteria summarize the major considerations we
believe are important in selecting habitat
indicators.

1. Relevant to the Environmental/Biotic
Endpoint

The qualitative relationship between in-stream
habitat variables and their effect on salmonid
populations is well established as described
earlier in Section 3. Salmonid fish and other
aguatic biota are sensitive to the quality and
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guantity of physical habitat that can be altered
by human activities.

2. Applicable to the Landscape and Stream
Network

The importance of habitat features in supporting
salmonid populations varies across the Pacific
Northwest as climate, geology, and landform
interact. Large woody debris plays a major role
in the evolution of channel habitat characteristics
and hiding cover in a forest ecosystem. This
contrasts to the development of habitat
characteristics (pools and riffles) within meadow
and grass/shrub ecosystems where large woody
debris is a minor or absent element of physical
structure. Grouping streams within a
hierarchical stream network is necessary to
assure that the variables and the range of
magnitude of the variable are appropriate to the
stream reach, stream segment, or watershed
under consideration.

3. Responsive to Human-Caused Stressors

Human actions can cause effects on aquatic
ecosystems either as individual or cumulative
actions. The linkages between nonpoint source
activities and habitat elements are generally
understood. Habitat variables generally will not
satisfy the objective of rapid response desired in
providing feedback for adaptive management.
For this reason, many professionals believe that
effectiveness monitoring should focus on
upslope processes associated with specific
projects (Reid and Furniss 1998).

Habitat variables measure cumulative changes
over time and space; this is an important
consideration in meeting CWA goals. To a large
degree, cumulative effects are the issue driving
both the increased listings of threatened and
endangered species and the increase in TMDL
listings. The accumulation of localized or small
habitat modifications, which can go unnoticed
and unregulated, results in regional and global
change in fisheries populations (Burns 1991).
These cumulative effects cannot be addressed
by the close focus on site-specific application of
BMP’s. For this reason, evaluation of human
impacts on water resources will likely need to
address both on-slope evaluation of inputs to the
aquatic system as well as the response
variables measured instream.

4. Measurement Reliability

Every environmental indicator needs to satisfy
the data quality objectives of accuracy,
precision, and repeatability. These data quality
objectives must be balanced against the real-
world tradeoffs related to the ease of monitoring,
cost, and required expertise. In providing this
balance, the abilty to meet the desired
monitoring objective is a critical factor often
overlooked for the sake of expediency.

Habitat Indicators Currently in Use

Various agency programs currently use a
number of variables to measure habitat quality.
Some of these habitat variables can either be
redundant or be measured at different levels of
intensity. In addition, other variables are
collected during stream surveys to aid in data
interpretation or stream classification. A
compilation of habitat variables for which a
numeric value has been suggested is provided
in Appendix C for background information.

To get a sense of the variables commonly
evaluated, we have included the variables from
three sources in this discussion. First, there is
a list of habitat variables compiled by Spence et
al. (1996). They inventoried the existing
monitoring programs in Washington, Oregon,
and Idaho and compiled variables applicable to
salmonid conservation. The applicable subset
of physical habitat variables from this inventory
are listed in The placement into
functional categories is somewhat arbitrary, but
their inventory helps in identifying similar and
redundant variables. This data is collected by
agencies in the Pacific Northwest for a variety of
environmental, fisheries, and land management
programs.

The second and third lists of habitat variables
comes from two documents that have been
important to the management on federal lands.
The document referred to by the acronym
‘PACFISH’ (USFS 1995) described the Riparian
Management Objectives (RMO) for pool
frequency, water temperature, large woody
debris, bank stability, lower bank angle, and
width/depth ratio . The RMO's
establish instream and streamside-habitat
conditions intended to define good habitat for
anadromous fish at the landscape scale. The
RMQO’s serve as indicators against which
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attainment, or progress toward attainment, of the
overall program goals can be measured. The
interim values were developed using stream
inventory data within the geographic extent of
the anadomous fish species. The objectives
were described as “interim” since the RMO'’s
could be modified to reflect conditions in a
specific watershed or stream reach based on
local geology, topography, climate, and potential
vegetation.

The National Marine Fisheries Service’s matrix
document (NMFS 1996) lists “pathways and
indicators” for evaluating management actions
under ESA (Table 5). The document was
developed to address management actions on
federal lands in relation to the Northwest Forest
Plan, the Recovery Plan for Snake River
Salmon, and consultation on the Land Resource
Management Plan for eight national forests in
Idaho and Oregon. The matrix is explicit that the

numerical values are considered default values
to be adjusted for local conditions. Under
circumstances where the default values do not
apply, the analyst is to provide documentation
for development and use of locally and
biologically appropriate values.

Regardless of the caveats made regarding the
ability to modify the default values, the users of
these documents have voiced several concerns
that generally focus on: 1) problems in applying
a limited set of criteria across a highly variable
landscape which are not stratified as to scale, 2)
not accounting for the effect of natural
disturbance on the habitat variables, and 3) the
problems associated with lack of known
precision and accuracy of habitat measures.
Stream ecologists also are concerned that
setting instream criteria focuses managers on
the wrong kinds of stream restoration practices,
such as adding LWD or creating pools artificially.

Table 3. Habitat variables used in monitoring programs in the Pacific Northwest.

Channel Features

Velocity / depth
Channel shape
Channel type
Width/depth ratio
Stream / valley type
Gradient

Sinuosity
Discharge

Depths and widths
Large woody debris
Residual pool depth
Floodplain width
Thalweg profile

Stream Substrate

Percent Fines (fine sediment)
Embeddedness

Bottom substrate

Substrate Size

Fish Habitat Descriptors

Fish cover

Pool / riffle ratio

Pool character

Winter refugia

Habitat units / (habitat type)

Streambank

Bank stability
Bank vegetation
Bank character
Bank height
Bank incision
Bank undercut
Bank erosion

Riparian Area

Canopy cover

Canopy closure (densiometer)
Riparian buffer

Stream disturbance

Insolation

Riparian vegetation structure
Aspect
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Table 4. Selected habitat criteria used in federal programs in the western United States.

USFS & USBLM. 1995. PACFISH. Decision Notice/Decision Record, Findings of No Significant Impact Environmental
Assessment, for the interim strategies for managing anadromous fish-producing watersheds in eastern Oregon and
Washington, Idaho, and portions of California.

Habitat Feature Interim Objectives
Pool Frequency Wetted width 10 20 25 50 75 100 125 150 200
(all systems) Pools per mile 96 56 47 26 23 18 14 12 9
Large Woody Debris East of Cascade Crest in Oregon, Washington, Idaho:
(forested systems) > 20 pieces per mile; > 12 inch diameter; > 35 foot length
Bank Stability > 80 percent stable
(non-forested systems)
Width/Depth Ratio < 10, mean wetted width divided by mean depth
(all systems)

National Marine Fisheries Service. 1996 . Making endangered species act determinations of effect for individual or grouped
actions at the watershed scale.

Indicator Properly Functioning
Sediment / Turbidity < 12% fines (<0.85mm) in gravel, turbdity low
Substrate Dominate substrate is gravel or cobble (interstitial spaces clear),
or embeddedness < 20%
Large Woody Debris Coast: > 80 pieces/mile > 24" diameter > 50 ft. length;

Eastside_: > 20 pieces/mile > 12" diameter > 35 ft. length;
and adequate sources of woody debris recruitment in riparian areas

Pool Frequency channel width 5 10 15 20 25 50 75 100
# pools/mile 184 96 70 56 47 26 23 18
Width/Depth Ratio <10

Streambank Condition > 90% stable; i.e., on average, less than 10% of banks are actively eroding

Note: See documents for complete description of criteria and the context in which they are to
be used.

37



Aquatic Habitat Indicators

SECTION 6
Evaluation of Potential Aquatic Habitat Indicators

Table 5: Summary of pathways and habitat indicators for ESA determinations (modified from

NMFS 1996).
Pathway Narrative Statement Numerical Indicator Properly Functioning
Value for
Numerical Indicator
1. Water Quality e Chemical contamination e Temperature 50-57 F
*  Nutrients . % Fines
2 Habitat Access *  Physical barriers
3 Habitat Elements e Dominant substrate size | « Percent < 20 % embeddedness
embeddedness

LWD recruitment

 LWD frequency

Coast: > 80 pieces/mile
East-side: > 20 pieces/mile

Pool frequency & LWD
recruitment standards

«  Pool frequency

Table: pools/mile specified
by channel width.

Pool quality (depth,
cover, sediment filling)

e Pool depth

Pools > 1 meter depth

Off-channel habitat

Refugia

4. Channel Condition &
Dynamics

e Width/Depth ratio

<10

Actively eroding banks

. Percent stable
banks

> 90% stable

Floodplain connectivity

5. Flow & Hydrology .

Change in peak/base
flows

Increase in drainage
networks

6. Watershed .
Conditions

Road location (no valley
bottom roads)

¢ Road Density

< 2 miles/sq. mile

Disturbance history
(unstable areas, refugia,
riparian areas)

e Equivalent clearcut
area.

. Percent Late
successional old
growth

< 15% ECA

= 15% retention of late
successional old growth

Riparian reserves
(shade, LWD recruitment,
connectivity)

e Intact refugia for
sensitive aquatic
species

e Riparian
vegetation, %
similarity

> 80% intact

> 50% potential natural
community composition
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Sorting Potential Narrative and

Numerical Indicators

As described in the previous section, there are a
number of variables to consider as habitat
indicators. Some confusion arises because of
the various objectives, methods, and terms that
have been used to describe habitat variables.

A reminder regarding terminology may be
useful. Habitat component refers to an element
of the habitat where an organism occurs
(Armantrout 1998) and is considered generally
synonymous with stream attribute and pathway.
A habitat variable is a quantifiable measurement
of a habitat component (synonymous with
parameter). Water quality criteria, as used in
the CWA, refers to the elements of state
standards, expressed as numerical quantities or
narrative statements, that represent the quality
of water needed to support a particular
beneficial use (USEPA 1994c). The term
'habitat indicator’ is used in this document to
emphasize its application for assessing the
condition of the habitat rather than the more
regulatory connotation usually associated with
the term ‘criteria’.

As described at the beginning of this section,
there are four primary considerations in deciding
whether an indicator should be used as a habitat

indicator. A decision process for sorting through
potential habitat components and variables is

shown in

1. Relevance to Biota. The first criterion
evaluates whether the habitat component is
relevant to the biota, in this case salmonids. At
a broad level the components that comprise
salmonid habitat are well known and can be
readily described qualitatively. This would result
in a list of candidate narrative criteria. Habitat
Components for narrative criteria may include:

* Flow regime

e Habitat space

e Channel structure

e Substrate quality

»  Streambank condition

* Riparian condition

» Temperature regime

» Water quality constituents
* Habitat access

These components are generally synonymous
with the pathways listed in the NMFS matrix. In
addition, the NMFS matrix includes input
variables and watershed components used to
further evaluate management actions.

Relevant to Responsive
Biota to Impacts

Applicable to

Landscape

Candidate Applicable

Narrative Habitat
Criteria Variables

Applicable
in Target
Landscape

Biological Acceptable
Effect Data Qualit
Quantified y

Candidate
Numeric
Criteria

Figure 6. Decision diagram for selecting habitat variables.
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2. Responsive to Management. The second
criterion evaluates whether the variable is
responsive to the types of impacts caused by
management activities. Often the outcome of
management activities - as manifested instream
- are similar to those associated with natural
disturbance events and are, therefore, not
readily distinguished from natural causes. The
distinction between human causes and natural
causes is made through careful monitoring
design (e.g. upstream vs. downstream of
pollutant sources) or via the study of processes
in natural systems and their comparison to the
alteration of response and recovery rates in
managed systems. For example, measuring
residual pool depth does not distinguish
between the source of sediment, but comparing
residual pool depths to undisturbed watersheds
of a similar channel type provides an indication
of whether human activities have altered the
sediment regime enough to decrease pool
depth. In contrast, annual fluctuations in flow
rate can largely reflect natural climatic cycles,
which in turn can overwhelm our ability to detect
the additive effect from human influences.
Therefore, it follows that residual pool depth is a
useful habitat variable, whereas variation in
annual discharge alone may have little utility as
a stand alone indicator unless evaluated in the
context of a carefully designed analysis that
looks at more detailed flow statistics The
predominant land use within a basin can
substantially affect the choice of variables. For
example, in an urban context where the
influence of impervious surfaces highly alters
seasonal instream flows, storm flow peaks
increase in frequency, duration and magnitude.

3. Appropriate to the Landscape. Channel
forming processes within similar landscapes
form recognizable patterns in fisheries habitat.
Therefore, it is appropriate to identify habitat
variables grouped by similarities in the
landscape. Variables that measure habitat
space such as pool frequency, W:D ratio, and
residual pool depth can be useful across many
types of landscapes — forested, grassland, and
cropland streams. However, the habitat forming
processes vary by landscape, and this will
influence the selection of habitat variables. An
obvious example is the importance of large
woody debris in forested ecosystems in contrast
to streams located in grass/, shrublands and
desert ecosystems.

4. Linkage to Beneficial Use. The final two
criteria address the question of whether it is
feasible and technically defensible to establish
numeric criteria for a habitat component. The
first issue is whether sufficient information exists
to quantify the linkage between habitat and the
beneficial use.

The traditional way quantifying the biological
effect is by using test organisms in a laboratory
setting and studying the acute dose response
relationship. Even with the controlled
experimental approach, there is a wide
variability in the response of test organisms and
different reported toxicity values. Chronic
exposure or multiple toxicant tests (synergy) are
seldom part of the protocol.

The response of salmonids to declining habitat
conditions is not readily replicated in the lab but
can be documented through field studies with
some difficulty. Transfer of this information to
other stream systems in quantitative terms is
difficult if not infeasible. Field studies confirm
the pathways of effects and the biological
response in terms of declining fish distribution or
populations. The quantification of habitat effects
is best accomplished through the comparison of
habitat conditions to least disturbed or reference
condition watersheds. An exception to this
general observation is the use of laboratory
studies in evaluating the effect of fine sediment
on egg to fry survival. However, even with this
variable, some significant questions arise in
regards to the transferability of observed effects
to field conditions.

5.  Quantifiable as Numeric Criteria. |If
significant natural resource policy decisions are
going to be based on monitoring data, there
must be confidence that the data is reliable and
the interpretations sound. The final criterion in
selecting numeric criteria addresses the issue of
the measurability of habitat variables, that is, the
ability to achieve desireable levels of accuracy
and precision. Two primary considerations
influence the potential usefulness of a habitat
parameter. One is the signhal-to-noise ratio
which is a function of the natural variability and
the sample error associated with the monitoring
protocol. The second consideration is the
accuracy, precision, and repeatability associated
with a specific monitoring technique. Many of
the habitat variables in current use (Table 3) are
measured at various levels of intensity from
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gualitative surveys to quantitative measure-
ments. Data that results from these methods
have different data quality characteristics and
are generally not comparable. Some quanti-
tative habitat protocols are so time-consuming
that agencies have opted to rely on ocular
estimates.

Potential Habitat Components and
Habitat Variables

In the previous sections, we identified habitat
variables commonly used in monitoring and land
management programs. These variables
address a mix of purposes — watershed input
variables, outcome variables, pathways of
habitat effects, and associated explanatory
variables used to establish status and trends in
aquatic resource conditions.

How might these potential variables be applied
as narrative and numeric water quality criteria?
To answer this question, the variables are sorted

by habitat component in to facilitate
comparison to the evaluation criteria illustrated
in The column headings for
are explained below.

Narrative Criteria. Narrative criteria might be
appropriately developed at the Habitat
Component level of organization. Habitat
components represent the major elements of the
aquatic habitat necessary to support salmonid
species of fish — adequate flows, habitat space,
substrate quality, streambank and riparian

condition, water column chemistry, habitat
access and connectivity. Incorporating narrative
criteria into state water quality standards would
be a major step in the right direction of
recognizing the importance of habitat within
water quality programs.

Pathways. The second column in the table,
Pathway Elements, are generally addressed
under the CWA as elements of pollution control
programs rather than as environmental
endpoints. The pathways of effect are regulated
via state BMP’s, standards, and guides in land
management plans or as pollution abatement
measures in TMDL implementation plans.
Pathways of effects are generally addressed in
state water quality standards by way of
reference to approved management practices
for specific nonpoint source activities.

Habitat Variables. The Habitat Variables listed
in the table are outcome variables that are likely
candidates as aquatic habitat indicators. The
last column in the table shows some of the
associated explanatory variables needed to
interpret outcome habitat variables.

In the next section, the rationale for evaluating
the candidate habitat variables as aquatic
habitat indicators is presented. The emphasis of
this discussion will be on the last two sorting
criteria, quantifiable biological effect and data
quality, since these two criteria generally
determine whether it is technically feasible to
specify numeric criteria.
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Table 6: Habitat components, pathways of effects, and potential habitat variables.

Habitat Component

Pathway Elements

Habitat Variables

Associated
Explanatory Variables

1. Flow Regime

e Peak flow

 Low flow

* Rapid fluctuations

« Increase in drainage
networks

» velocity, depth,
wetted perimeter,
useable habitat
space.

Discharge

2. Habitat Space &
Channel Structure

« Off-channel habitat
¢ Flow modification

e Pool frequency

* Residual pool depth

» Poollriffle ratio

* W:D ratio

* LWD frequency

* Area of suitable
spawning & rearing
habitat

Geomorphology

Stream & valley types

Reach characteristics

» gradient

» bankfull width

e channel
confinement

* sinuosity

3. Substrate Quality

* Surface erosion

e Mass wasting

e  Streambank erosion
e Poolfilling

» Percent surface fines
* Fines at depth

» Embeddedness
 Substrate composition

* Rock type & soils
e Physiography
e  Stream type

4. Streambank &
Riparian Condition

e Streambank
disturbance

¢« Channel
modification

* LWD recruitment

e Vegetative rooting/
bank stability

e Shading

*  Nutrient modification

» Bank Stability

» Undercut banks

» Overhanging vegetation
» Greenline vegetation

« Canopy cover

* Rock type & soils

e Stream type

* Riparian community
composition

5. Water Column
Chemistry

e Various pathways
associated with
nonpoint source
pollution activities.

e Temperature

« Dissolved oxygen

* Turbidity & suspended
sediment

* Nutrients

» Toxics

Soils & geology
Geochemistry
Landscape patterns

6. Habitat Access

¢ Physical Barriers

Discharge

7. Watershed
Condition &
Connectivity

¢ Road density

e Disturbance history

« Riparian reserves

¢ Floodplain
connectivity

» [Ecoregion

* Landuse

e Soils & geology

* Hydrology

* Mass wasting &
erosion potential
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Sorting Potential Aquatic Habitat

Indicators

The Habitat Components listed in [Table 6] are
relevant to aquatic biota and salmonid fishes,
have been related in some manner to
management effects, and therefore, would be
useful to consider as narrative criteria in state
water quality standards.

The next step is to identify which habitat
variables are likely candidates as quantitative
indicators. The potential habitat variables need
to pass the final litmus tests of applicability
within landscapes, whether the biological effect
has been quantified, and lastly, whether the
habitat variable can be measured with
acceptable data quality.

A best-professional-judgement approach is used
to evaluate potential variables. This step is
highly subjective, since other evaluators using a
similar logic path may arrive at different
conclusions.  Also, there is the continually
evolving state of science. Better monitoring
tools or evidence of improved data quality over
current methods can readily change the results
of this evaluation. At a minimum, evaluations of
habitat indicators should consider the suggested
criteria and document their assumptions and
logic processes.

Flow Regime

Alteration of flow regimes is considered a
significant factor in the decline of fish
populations in the NorthWest. Changes in
discharge regime have altered migration
patterns, changed sediment deposition and
scour, contributed to mortality of eggs and fry,
and reduced available habitat space.

Many studies have documented the increases in
annual water vyield and peak discharge
(frequency, magnitude and duration) associated
with timber harvest (Burton 1997). Since most
of the studies were conducted in small,
experimental watersheds, the evidence for water
guantity change has been less conclusive in
larger watersheds. Timber harvest and road
building can increase peak flows of streams in
several ways: alteration of snowmelt patterns,
interception of subsurface flows by the road
network, and alteration of evapotranspiration
patterns. However, the long-term effect, good or

bad, of peak flows on channel stability and
aquatic habitat is an issue that is not yet
resolved (Troendle and Stednick 1999).

The effect of low flows on fish community habitat
has also been documented. How much
streamflow is required to protect aquatic
resources has been examined from the
perspective of instream fish habitat, (Orth 1987),
channel maintenance flows (Rosgen et al.
1986), and riparian zone influence and valley
maintenance flows (Hill et al. 1991). Over
appropriation for water withdrawals from surface
and groundwater sources have seriously
reduced fish habitat in many streams throughout
the Pacific Northwest, especially in the drier
interior basins of Washington, Oregon and
Idaho. The instream flow incremental
methodology has been used for some time to
evaluate the effects of decreasing streamflow on
usable quantites of physical habitat
space.(Bovee 1982). Micro-habitat preferences
have been described for a number of salmonid
species using velocity, depth, and substrate size
(Bjornn and Reiser 1991).

We can visualize that minimum stream flow can
be addressed in a narrative statement format,
since the effects of altered low flows on fishery
habitat are fairly well understood. The effects of
peak flows on channels and aquatic habitats are
less resolved, especially with respect to
predicting the magnitude of effect and channel
response or making a narrative or numeric
criteria untenable. However, the outcome of
hydrologic watershed alteration would be
manifested as changes to the habitat space and
channel structure of the stream. For this reason,
potentially useful habitat variables that are
responsive to flow alteration are those that
measure channel morphology as described in
the section below.

Habitat Space and Channel Structure

For our purposes, we have divided the channel
components into two parts — channel dimension
and channel structure variables.

Channel Dimension

Habitat space can be visualized as the
interaction of three dimensions of the channel —
length, width, and depth. Length and width
measures potential habitat space directly
proportional to the size of the watershed and
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magnitude of the flow regime. Channel depth
provides the third dimension important to aquatic
habitat. The volume of water (flow expressed at
“Q") moving through a channel at any given time
(velocity “V” expressed at cubic feet per second
or cfs) is affected by these channel dimensions
(width and depth) as Q =W x D x V. Channel
gradient affects velocity. As the channel
narrows (width decreases) at a given location,
the velocity and depth increase. As the channel
widens, velocity falls and depth decreases. As
flow increases, velocities at the channel margin
also increase shear stress which controls the
sediment transport capacity of the stream at
high flow events.

Stream channel bankfull width is a function of
streamflow occurrence and magnitude, size and
type of transported sediment, and bed and bank
materials of the channel (Rosgen 1996).
Bankfull channel widths generally increase
downstream as the square root of discharge
(Leopold et al. 1964) and, therefore, serve as an
element of stream classification systems.

Channel width can be modified by human
disturbance — diking and channelization,
changes in riparian vegetation, and changes in
flow and sediment regime due to watershed
alterations. The bankfull cross-sectional shape
corresponds to changes in the magnitude and
frequency of bankfull discharge. The bankfull
dimensions can be altered by management
activities in the watershed such as water
diversion, clear cutting, vegetative conversion,
and over-grazing. Channels can become over-
widened, which reduces habitat (depth, velocity)
especially during summer low flow periods.

Over-grazing from livestock in the riparian zone
reduces vegetation and damages stream banks,
which leads to an altered channel form
characterized as wider and shallower than
normal (Elmore and Beschta 1987, Platts 1991).
Stream channel response to cattle exclosures
have been variable, but in many studies a
reduction in bankfull dimensions (i